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ABSTRACT 



This publication contains the text of papers given 
at a conference of science teachers and professional scientists 
organized by the Canadian Teacher's Federation. Papers are entitled 
"Science Education and the Nation's Needs," "Science in the 
Elementary School," "Science for All, or the Purposes of New 
Courses," "The Eew Secondary School Courses," "Principles, Purposes, 
and Problems of the New Secondary School Science Courses," 
"Interesting the General Student in Science," "Science Outside the 
Curriculum - Fostering Excellence," "Encouraging the Future 
Scientist," "The Pre-Service Education of the Science Teacher," 
"Remarks on the Pre-Service Education of Science Teachers," "The 
Education of the Science Teacher," and "The In-Service Education of 
the Science Teacher," (EB) 
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PREFACE 



In March 1966, representatives of science specialist 
groups associated with the affiliates of CTF, and delegates 
of several of the affiliates themselves, met along with re- 
presentatives of several national associations with a profes- 
sional interest in science, at a conference organized by the 
Canadian Teachers' Federation. The main purpose of the con- 
ference was to afford an opportunity for communication among 
acience teachers in the various provinces, and between science 
teachers on the one hand and professional scientists on the 
other. The program was designed to suggest the kind of topic 
which might fruitfully be examined in later joint conferences, 
and in relation to which t,vne continuing form of liaison would 
be of mutual benefits 

This publication contains the text of papers given at 



that Conference. 
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SCIENCE EDUCATION AND THE NATION’S NEEDS 



by 

J. R. Weir 
Deputy Director 

Privy Council Science Secretariat 



We live in an age of science and technology in which no nation can 
hope to achieve or maintai.. a position of leadership without the fullest 
development of its scientific potential. Probably the most important compon- 
ent of Canada's scientific potential is the calibre of the program for 
scientific education. The best scientific education involves not only time, 
but able students, skilled and dedicated teachers, the best and most modern 
materials with which to teach, and learning opportunities for the gifted 
student beyond those found in the usual classroom courses. 

Curricula and courses in mathematics and science in elementary and 
secondary schools have, jntil recently, failed to evolve at a pace commen- 
surate with the rapid growth of scientific and technological knowledge. In 
part the lag has been due to the volume of new knowledge and the accelerating 
pace of discovery in science. To some extent it is also attributable to 
the gulf which has developed between research scientists primarily concerned 
with the acquisition of new knowledge and teachers, writers, school admin- 
istrators and others primarily concerned with the diffusion of knowledge. 

This has resulted in a low level of scientific literacy among citizens at a 
time when the public is increasingly confronted with a need for scientific 
knowledge, the loss of many potential scientists, mathematicians and engineers 
and a serious waste of time in the preparation of those students who do 
pursue science courses in universities. 

Courses in science in the secondary schools should be constructed 
so that time is provided for the consideration of important principles, and 
topics should be chosen so that they form a coherent system of learning. 
Students should be taught the processes of science as well as what may be 
called science content. Some time should be spent toward developing 
fundamental skills required in scientific activities. The performances in 
which these skills are applied involve objects and events of the natural 
world and in doing so require information from various sciences as they pro- 
ceed. It is not only necessary to accumulate knowledge about any particular 
subject such as physics, biology or chemistry but also to ensure competence 
in the upe of processes that are basic to all science. It has been a common 
mistake to underestimate the learning capacity of young students. They 
always have much more potential than you think but are rarely likely to admit 
it unless they are pressed or drawn out. 

From an early age the teacher should give the student a perspective 
of what kind of knowledge is necessary to enable a person to design a bridge, 
a computer, a radar station, for a chemist to evolve a new material, for 
medical research to create a new drug, or for agricultural research to evolve 
a new species of wheat. If teachers do not have this kind of perspective 
there is no hope of passing it on to the child. It seems to me that the 
real core of the issue in teaching science today is that we must ensure that 
the younger generation, whether they are going to be practising scientists 
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or not, develop a feel for science. They can only develop this attitude if 
the teacher has it. For the past three or four years the Faculty of 
Agriculture at the University of Manitoba hosted for a day the science 
teachers in the Winnipeg High School Collegiate System. These brief visits 
with short discussion periods brought a new concept to these teachers of the 
stimulating and challenging opportunities in this important field of applied 
biological science. At the same time through the joint effort of the 
Principals of these Collegiates and the University of Manitoba Alumnae 
Association a number of selected senior collegiate students who expressed 
an interest in biology and had high academic records were given lectures for 
four Saturday mornings in the Faculty. As a result of both these efforts a 
sharp increase in the enrolment, in Agriculture, of good students from the 
city schools resulted. While it would be difficult to measure quantitatively 
the effect this had on the students in their high school science courses , I 
am sure that their interest, was considerably motivated by such an experience. 
This is at least one example of how an apparent barrier to one section of 
biology was at least partly removed from the minds of science teachers and 
interested students. 

Students should be encouraged, indeed stimulated, to think for 
themselves. They should initiate their own approaches to an understanding 
of science. They should read widely and the teaching and selection of 
examples should not be confined to those provided in the prescribed text. 

Some kind of selection or streaming of students is necessary at 
all ages. We should not be arguing today whether or not brighter students 
should be accelerated but we should be devising a flexible system to do 
this while ensuring that there are continual opportunities for the late 
bloomer to join the accelerated stream. There is usually a fraction of 
students about whom there is no doubt that acceleration is needed. Why 
abandon the type of education they need because there is doubt about whether 
others should or should not join them? Of equal if not greater importance 
than the acceleration of exceptional students is the enrichment of the cur- 
riculum and extracurricular activities. 

There should be no difficulty in teaching the technigt * s of 
trigonometry or calculus to a twelve year old. The principles requiring 
the use of these techniques come later The teacher should concentrate on 
teaching the essentials of the modern subject. Many examples should be used 
to bring the student close to real situations in everyday terms. Historical 
facts and more complex relationships can be introduced later. It is not 
necessary or desirable to use the mystery of science approach in teaching 
but rather to rely on the intrinsic interest of the subject itself. 

The teaching of science even in the elementary schools is very 
important and where possible should ideally be taught by a specialist. The 
science teacher certainly needs a background considerably beyond that level 
which he is teaching. It is stimulating to potential scientists for the 
teacher to indicate areas where knowledge in science is now lacking and pre- 
sent these facts to the young students as a challenge in which they them- 
selves might have a significant part in solving. Care should be taken to 
distinguish between science and technology and the model so created in its 
relationship to reality should be treated with care. It is not imperative 
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to have more time on the curriculum for the teaching of science but rather 
that the t im e already allocated be used more effectively. This does not mean 
more facts and more technology but a grea*": emphasis on principles. In- 

terest in science, like that in any other creative human endeavour, can 
develop early in the child. There is great n' * for gifted students to have 
early access to opportunities to develop their interests in science. Science 
fairs have played a prominent part in this respect in the United States and 
seem to have promise in Canada. Much interest and ingenuity has been 
developed in many students because of this program. 

It is important to develop in all students the concept that a know- 
ledge of science is necessary for any occupation as well as for a fully 
developed social life. Certain fundamentals in science must be taught early 
even for those not intending to enter university but planning a technical 
or vocational training. However, a great deal more groundwork is needed for 
those going on to be graduate engineers and scientists. Mathematics, for 
example, is vital for technical, engineering or scientific training. This 
course should be taught as separate subjects as early as possible in the 
child's academic program. There would appear to be a parallelism between 
the "new sciences" being taught in many secondary schools today and the "new 
mathematics" which are just being introduced into many of the systems. Both 
are attempting to introduce the thinking and reasoning processes much earlier 
than before and make the learning of facts and techniques have more meaning 
by indicating a real relationship with future use. 

Let us turn for a moment, however, to consider the whole problem 
of education in the elementary and secondary schools. There would appear to 
be emerging two kinds of policy which should be considered in any study of 
the national needs, first , a policy for science education in our schools, 
and second , a policy ^n education. 

The first policy, for science education, would consider broad 
principles which might be applied on a regional or national basis that would 
improve the educational standards of the nation. Whose responsibility this 
should be or who should provide the leadership for such a development is 
better known to you than to me. One of the major problems which come to 
mind under this type policy for education concerns the subject of dif- 
ferences in the quality of education. The Second Report of the Economic 
Council of Canada states, "Even the most casual survey of educational 
institutions and facilities, curricula, qualifications of teachers and other 
aspects of the highly decentralized educational systems in North America 
readily suggests that there are major differences in the quality of ed- 
ucation— not only over time, but also at any given point of time between 
different regions and localities within Canada". Not only does this indicate 
serious deficiencies in the quality of education in some areas of the country 
but the differences in curriculum structure and course content between var- 
ious regions, and indeed in many areas within the same region, imposes a 
real hardship and severe handicap on those students who by force of circum- 
stances outside their control must move from one part of the country to 
another. In a society whose mobility is rapidly increasing this problem is 
further compounded. 

The formulation of long and medium term objectives for educational 
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growth in the context of overall economic and social development should be 
one of 0-*ada's major efforts. The projected requirement of the labour force 
in terms of educational standards is an urgent national issue. We have be- 
gun to improve our vocational and technical training, an area in which we 
have been woefully weak. We must be more positive in our guidance program 
for students and attempt to persuade those with the aptitudes and ^pabil- 
ities not suited for a university career to attend these technical schools 
and become first-rate technicians rather than third-rate scientists or 
engineers . 



Another major problem which needs continuing study and some degree 
of overall policy formulation is the relationship between vocational and 
technical schools and institutes, secondary schools and the university. If 
this relationship is not watched closely there is grave danger that one or 
more of these groups will attempt to assume the responsibility of the other. 
This will be particularly true if financial assistance is more readily avail 
able to any one group or if a demand develops for graduates of any specific 
group . 



In general terms, a policy in education, in my opinion, is the 
manner or methods in which the policy for education is implemented. This 
can be much more regional or local in nature and take into consideration 
those factors which are considered important for the community itself. It 
would appear to me that in many cases Teachers* Colleges and Faculties and 
Colleges of Education emphasise those principles having a more direct bearing 
on a policy in education. There is probably a high degree of agreement among 
informed pec pie concerning the goals of science education while the practical 
matter of how to achieve these goals is likely to be the subject of dis- 
agreement. This makes me wonder, therefore, whether the teacher or practis- 
ing educationist is really in the best position to develop and support a 
policy for education or whether this should not be done by those knowledge- 
able and with experience in teaching, but in a position where the fears and 
practical problems of the methods do not place limitations on more broad and 
comprehensive planning. 

In considering the national needs for science education it is 
extremely difficult to develop a simple, rational solution. The Report on 
Financing Higher Education in Canada submitted to the Association of 
Universities and Colleges of Canada made some attempt to comment on this 
subject. It states in part: 

"The estimates of the number needed for the health services of 
the country is an example of manpower planning used to determine 
the need for immediate expansion of schools of medicine, dentistry, 
and nursing, for example. But even these have a spurious precision 
for they are based on current medical technology and current salary 
levels of professional and technical personnel, and on current 
standards of living of the population generally. When we are deal- 
ing with higher education in general, and even with the education 
in broad disciplines, the value of estimates of manpower needs seems 
very low." 

It further states in support of this conclusion: 
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"First, technological change is unpredictable over the long period 
involved. In the last fifteen years, for instance, developments 
in electronics have brought about changes in the demand for the 
skills and the products concerned that it would have been impos- 
sible to foresee at the beginning of the period. Secondly these 
estimates are necessarily confined to the technical uses of the 
specific skills concerned, but advanced training in one specialty 
may in fact develop skills applicable to other occupations. 

Finally predictions of the future demand for doctors, engineers, 
scientists, teachers or any other group either assume that rates 
of pay will remain unchanged or make no assumption on this point." 

The Report concludes this section by further stating in part: 

,r We endorse the view that the need for highly educated personnel 
will increase, and we would note that the more highly educated 
(even if educated by training in a narrow specialty) are generally 
the more adaptable and mobile. We believe that our productivity 
may be greater if we encourage all our young people to develop 
along the lines of their particular abilities and interests, and 
that our economic policy should be directed to the end that the 
talents so developed be utilized as fully as possible." 

There is no philosophy of education, I believe, with a life- 
time guarantee. Science education cannot be standarized this year, no matter 
how hard we try, and left to run itself like an automatic machine. In the 
course of the next half-century - the lifetime of children now in our 
schools - there can be little question that the spread of technology and the 
waves of political change will alter the aspect of the world. There could 
be nothing more disastrous than that we should educate our children for a 
way of life that does not exist. 




SCIENCE IN THE ELEMENTARY SCHOOL 



by 

David C . Eduards 

Carleton Heights Public School, Ottawa 



Today we are aware of the tremendous advances being made by science. 
We are equally aware of how necessary it is to keep abreast of these advances. 
This can only be done if science is taught at an early age. 

Until very recently it was the contention of a good many university 
people that something called science was being taugjit. But it was not science 

To remedy the situation, Dr. Stinson of the University of Western 
Ontario and several other university teachers and elementary school teachers 
developed a course which they thought could be taught to children at the 
grade six level. 

The new course is basically a physical science course. It deals 
with the following topics: 

The Study of Matter 

Microscopy 

Measurement 

Work 

Energy 

Heat 

Biology - the comparison of groups of animals. 

The course was developed during the summer of 1964. During the 
following school year the new course was taught by four elementary school 
teachers. Last summer the revised course was presented to twenty-five 
teachers. We hope that next year there will be over one hundred teachers 

teaching the new course. 

In teaching the new course we try to lead the children to discover, 
for themselves, basic concepts in science. In class, any answer is accepted, 
if it can be backed up by logical reasoning. We do not do experiments to 
see if the results tu'-n out the way they are supposed to. 

Much of the success of the new course is due to the fact that there 
is sufficient equipment so that the children can work in groups of two. 

It is my personal feeling that the new course is highly successful. 
In the slides which I am about to show you I think you will see that the 
children exhibit a high degree of interest in the course. 




SCIENCE FOR ALL OR THE PURPOSES OF NEW COURSES 



by 

Helen J. Martin 
Education Officer 

Redpath Museum »•* McGill University 
Montreal-Canada 



"In a complex industrial society economic strength derives from 
tec' tf *y - in particular the application of science to industry. This in 
turn a based upon the creative capacity of man and upon his education" . 

This quotation from "Teaching Through Television" (6) indicates our concern 
for suitable science instruction for our young people. It may not be only 
the economic strength of our nation that causes our concern, it may be con- 
cern for the survival of mankind. 

We all know that behind the existing forms of democratic control 
of parts of this world there is a small scientific and technological elite; 
the mass of mankind is unable to make adequate assessment c c our problems. 

For these reasons all phases of the education of all ordinary children 
should be Gauged . Still a technological elite must always be with us and 
so the members of this group in our socie*.y of the future must be located in 
the schools of today and they must be given stimulating training adequate 
for their future roles. (4). 

Schooling must be realistic and relevant to pupils so that they 
can s^e applications to the roles they will be playing in adult life. A 
Nuffield Science Teaching Project Publication (2) points out that a real- 
istic world to children is that of adults; not a world of school children. 
Multifarious science courses are being designed and each purports to an 
attempt to guide the development of thought and memory processes rf children 
so that they will be knowledgeable and able to function in the society of 
the future. All this is to the good but the sum- total of procedures (grading 
systems, materials, time and staff allowances, as well as examinations) used 
to accomplish this must not demoralize youngsters so that they can not func- 
tion in their childhood world, for then it will be difficult, if not impos- 
sible, for them to perform adequately as adults. 

So often we hear that the tasks that workers will perform in the 
future will be so drastically different from those of the present; and that 
even in the lifetime of an individual the pattern of activities will change 
several times so that it is not practical to give highly specialized vo- 
cational training to the young. Rather, it is said, the young must be train- 
ed to understand general principles or fundamentals so that they will have, 
in a sense, innate ability to adapt to varying circumstances. 

The to 1 lowing seven selected excerpts from an address by Thoday (13) 
tell of the dilemma that is being faced by all biology curriculum designers 
regarding the value and stress to be placed on modern findings which some 
people say should be introduced into our courses. It is also a problem to 
know exactly what traditional bodies of knowledge or laboratory procedures 
are irrelevant and should be eliminated. 

gb 

i 
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" we will handicap this development if we do not include enough con- 

temporary biology in our curriculum. But we will also handicap the develop- 
ment if we do not include enough morphology and anatomy. 

" the main problem before us how to teach enough old biology and 

enough new biology. 

" Our pupils must continue to hear of old knowledge but must hear of it 

in relation to the new. 

11 what is modern biology today will, not always be modern biology. 

what is modern biology ten years hence will not only differ from that 

we call modern today, but may not even be a direct development from today's 
most exciting discoveries. 

" what we need is a new viewpoint on curricula, the viewpoint of in- 

tegrated biology. 

And with regard to our concern to give adequate training to future biologists 
Thoday goes on to say 

11 It is no use so altering biology training that it produces an excess 

of molecular biologists in relation to the number of posts there will be for 
those with such qualifications, and thus lead to an acute shortage of para- 
sitologists and tropical biologists. 

M Our biological education systems must produce systematists and anat- 

omists as well as biochemical geneticists." 

The above statements with term substitutions could apply equally to 
the problems of teaching chemistry or physics in a modern way. 

Muller (8) has pointed out that not just some but all men must have 
revealed to them through persuasive or educational methods that failure of 
mankind to develop will occur if man does not control his population growth. 
All men must be aware of factors affecting the social and psychological well- 
being of man; the nature of disease and starvation; the increase of genetic- 
ally impaired individuals in the human population; the nature of biological 
warfare; the diminution of useful resources on this planet, etc. There could 
be catastrophic misuse of science and technology if men do not understand 
the applications possible. And yet we must not let the humanists say that 
science studies do not develop the spirit of man; we in our teaching could 
carefully stress the esthetic and philosophical aspects of science, then 
appreciation of the creative forces at work in the universe and in man will 
be developed just as it was by the classical type of education of past ages. 

The Ideal Approach 

The "new thinking" about the teaching of the sciences is that pupils 
should not have their time wasted in the memorization of knowledge irrelevant 
to them and to the society they will be members of. Rathe - the understand- 
ing of the basic principles of a subject gained through the development of 
good habits of observation and thinking should stand one well in making 
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adaptions to an evolving society. Critical questions appear to be how modern 
relevant material can be introduced into science courses so as to be in line 
with the pupils' interests, previous knowledge, and intellectual powers. It 
pupils are to take an interest in their studies they must become more in- 
volved "active interest" is an expression familiar to all today. 

Seven Educational Factors 



Teachers 

In any teaching programme the teacher is directly concerned with 
many factors other than the knowledge that must be transmitted. But, the 
teachers*' grounding in the knowledge to be imparted, the teachers' inspir- 
ation and their understanding of nature are items they themselves must be 
very honest about: their superiors must be careful to urture and use these 

attributes properly. Pode (10) has pointed out how "exceptional" teachers 
are required for the C. S. A. course. The P. S. S. C. also depends upon the 
teacher according to Poorman. (11) Let it be said again .... that administrators 
must select and train the secondary school science teachers carefully, and 
so that teacher morale is not "dreary in the extreme" (Bishen) teachers must 
be provided with all necessary assistance and physical amenities. 

Teacher training colleges must provide academic courses in all 
sciences for all future elementary school teachers, and the colleges in co- 
operation with school boards must make available renewed training services 
for all teachers. It might be that science specialists in the elementary 
schools should become the rule. 

S tudents 

As Thoday (12) has pointed out students have certain abilities and 
motivations which will help or hinder them in their learning. However, the 
destiny of the student, be it general employment or university studies must 
not disturb the teaching- learning process. 

I am in a predicament when asked to make decisions about streaming 
or selection of students for different types of education. I do tend to 
favour giving more sophisticated work to students having the attributes which 
could result in their proceeding to university studies and possibly careers 
as research workers, but I have to admit that perhaps I am not being fair 
either to the more mature and intellectually superior student or to the less 
mature and possibly intellectually restricted youngster if I segregate them. 
The fast learners often develop unhealthy attitudes that might be just as 
difficult for teachers to conquer as the feelings of inferiority developed in 
students relegated to the classes labelled "general", "practical", "opportun- 
ity", etc. In fact the "educational slums" (term applied by Edward Blishen) 
described by Partridge (9) as occuring in the secondary modern schools 
England makes one realize that streaming can be dangerous. Blishen used very 
strong language saying that masses of children were conforming to the opinion 
that education is not for them; large numbers of delinquents, permanently 
soured, and uncooperative members of society are being produced in England. 
"Those," to quote again from Blishen's review, "in need of the best schooling 
have the least skilled teachers, the most discontinuous timetables, the few- 
| est books." 

I 
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Could not one solution be to segregate only the exceedingly bright 
and interested from the most vigorous courses we can devise; and to keep the 
average and below average together in small classes that the teachers could 
handle even to the extent of doing some streamed work with groups within the 
class? 

Courses 



The Nuffield Science Teaching Project (2) recommends a general 
science programme which should be spread over a three year period for child- 
ren of 13 to 16 years of age. One suggested course which has as its unified 
theme or philosophy human biology and physics (energy. .manifestations of, 
study of, and uses of) will permit average and below average children to get 
an overall picture of the personal, social, and moral implications of scienti- 
fic knowledge. Children slow at being abl?. to grasp generalizations must be 
led carefully through such a course so that they eventually do see connections 
or interrelations between subjects other than science in the curriculum and 
all the divisions of science. 

Other Nuffield programmes indicate that exceptionally bright 
children could get training for some three or four years in chemistry and 
physics, and possibly five years in biology, each course running concurrent- 
ly. Selection of students for such courses would have to be made when the 
children are about 11 years of age. 

Examinations 



Examinations must not impair the success of teaching (12) This 
surely does not only mean that we improve the nature, design, and philosophy 
of examinations that accompany any particular syllabus, it must also mean 
that the examinations designed for the "average" student taking an "average" 
course should be considered suitable to use as university entrance 
examinations . 

The average person usually makes as good, or e* 7/ =»-, a more valuable 
contribution to society as a person judged to have a superior intelligence. 
Hence the average person must not be discriminated against with regard to 
eligibility for university training. 

Time Allowances and Maturity 

Naturally it follows from the preceding discussion that the length 
of time devoted to any syllabus is very important. In teaching many of us 
who wish to use devices such as teaching machines only for remedial work, 
believe that the most important factor in education is the interaction of the 
minds of the pupils and the teacher. Therefore, time must be allotted 
this. Practical work in the sciences also demands much time. The North 
American habit of rushing through one or two science courses in an academic 
year is not producing scientifically knowledgeable young people. 

By distributing the subject matter of all science syllabuses over 
several academic years, as is done in Europe, results in the European students 
receiving a significantly greater number of hours of instruction than it is 




I 



13 . 



possible to give to most North American students (approximately 250 versus 170 
hours). Scientific concepts are only fully grasped by mature minds. Maturity 
comes slowly to some "normal” children. Are North American students to be 
penalized by having been shunted off into low streamed groups which viL never 
be presented with problems of any depth or by possibly being rushed through 
work in such a way that the pressure causes demoralization? 

By allowing students to choose their single-year option courses any 
time between their 14th and 17th year much harm has been done and is continu- 
ing to be done. Between the years 1958 and 196-2 I collected data telling 
of the success and failure of students of biology, chemistry, geograp y, ome 
economics, and a literature course (North American) given intensively to 
certain groups of English-speaking Protestant children in Quebec. Physics 
courses were given only to the chronologically older students, and only to 
a select group of those who had superior marks in mathematics. Thus in the 
case of physics we were dealing only with one population of individuals and 
the capabilities of each student with regard to physics were very sligatly 

different. 



The lines and curves shown in Graphs "A" and "B" were found to be 
consistently in these forms no matter what the subject was that had been 
selected as an "option" by students of two differed age groups. Teachers 
consulted often did not sort out the children is t**** ^338 registers ac- 
cording to their age and so they were not initially evicting such a sharp 
distinction between the two populations that they * -aching in mixe 
groups. As the years have gone by the teachers seem to -ccept such results 

as inevitable. 



"A" 




"B" 
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Graph "A" shows what one might expect when one considers the intel- 
ligence of the individual student and his or her degree of success. General- 
ly speaking the brighter the child the better his or her achievement. It can 
bei seen that the younger pupil having an intelligence equal to that of an 
older pupil can not, in general, achieve what the older child can. 

Graph "B" seems to indicate that the yo-iger pupils will produce 
a higher number of failing students and a lower number of students with first 
class marks. Apparently similar observations were made by B.S.C.S. officials 
when their programmes were offered to grade IX as well as Grade X American 
students. 



Are parents and teachers willing to have our schools use programmes 
which discriminate against their children in this way? 

Time is what we need. The Nuffield science programmes which spread 
studies over a fouv or a five year interval give the child time to mature so 
that as both Muller (8) and Thoday (13) have pointed out he or she may gain 
a clearer insight into the concepts we feel everyone should be concerned 
with. 



Can we in Cans'' not design timetables to accommodate our students? 
If the number of years to be spent in school need be increased to allow for 
this are we not willing to accept this? Laboratory and field work requires 
time and the biological sciences may require more time than the physical 
sciences, so that timetables should cater to the needs of the individual 
subjects. Where a two-hour laboratory session might suffice in chemistry or 
physics it might be that a three-hour one is needed for biological observa- 
tion or experimentation. Biology and geography courses also require extend- 
ed periods of "outdoor education". 

To return to the factors "Teachers" and "Pupils" discussed in 
earlier sections it might be well to point out that the teacher-pupil ratio 
is also of great concern if a proper teaching-learning-situation is to 
develop. Science teachers must have technical assistance so that for prac- 
tical or laboratory work the ratio is as low as 1 "teacher" to 15 pupils 
or better still 1 to 10. 

Bates (3) pointed out that the North American attitude to life 
is that one must not fail. Whether this is the correct attitude to take I 
cannot say. Biologists tell us that it is destiny that individuals who are 
"unfit" or have not adaptations for a certain environment, will be elim- 
inated. Slipshod teaching for an insufficient length of time could produce 
devastating changes in our society. 

Science Suites and Equipment 

If science is to be taught properly the authorities must see that 
adequate physical facilities are available. For the modern science pro- 
grammes laboratories must be provided in sufficient number so that groups of 
children can leave equipment set up for long periods of time in order that 
an experiment can run its course (this is possibly of concern only to those 
involved in biological studies). The scheduling of laboratory classes 
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and use of the laboratories must also take into consideration that such rooms 
must be available to the teacher and/or his assistant during times when they 
wish to prepare for the classes they will be conducting. 

Grobman (7) has pointed out how overwhelming the workload of a 
science teacher is. Therefore, this must be reduced to allow the teacher 
more time to prepare for classes and to do the checking or correcting of 
pupils* work. People advocate that students have their homework loads re- 
duced... well then why should teachers be the only members of society who ex- 
pend enormous quantities of energy all day and then have to spend four or 
five hours in the evening on more preparation and correction? 

Offices, preparation and storage rooms are other physical amenities 
that can make a science teacher* s life less harassed if they are well design- 
ed and correctly located in the school building in relation to the lecture 
rooms, laboratories, and library or reading room. 

Curriculum and Syllabus Development 

Thoday (12) has pointed out that there can be no finality in ar.y 
particular curriculum. That we are willing to recognize this is seen in the 
number of times some of the American and British courses in chemistry, 
biology, and physics have been revised following evaluation by teachers. 

Chairmen of B.S.C.S., C.B.A. , CHOI Study have emphasized that it 
would not be wise for anyone to select bits from the three different biology 
programmes , or from the two different chemistry programmes in order to create 
another biology or chemistry programme. It is a known fact that the philos- 
ophy which led to the development of each course is different, yet I am not 
convinced that the ir T idual teacher could ns/t remould the best parts of 
various texts or courses to produce a thoroughly adequate course. 0*Callaghan 
points cut in the summary of the O.E.C.D. Greystones convention on "New 
Thinking in Chemistry" (1) that the three outlines for chemistry courses 
produced at that convention could readily be developed by well qualified 
teacheis to provide a syllabus suitable to the needs of their own students. 

We must beware of being trapped into accepting courses simply 
because the proponents of those courses have a vast and powerful promotional 
or advertising body behind them. In the case of one such course Pode (10) 
says only the most exceptional teachers could handle it. Have we many such 
people? In the case of another course Poorman (11) says too that teachers 
■will pose a problem; while of the same course Brauer (5) says that for cer- 
tain sections of the course the material is not relevant to the students 
since it is too highly theoretical and can not explain common everyday oc- 
curances or the working of common household gadgets. 

Can not Canadian design science courses using the best of the 
laboratory or data survey approaches of American and British programmes, and 
of course any devices that our own Canadian teachers may have found effective? 
The cost of developing Canadian courses that can allow for regional and even 
individual teacher and pupil needs, need not be overwhelming. The Nuffield 
chemistry programme makes use of printed sheets suitable for the students 
loose-leaf note-book. Revision of such teaching aids is both time saving 
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and inexpensive. Grobman (7) has pointed out that in the U.S.A. the N.S.F. 
had not (in July 1965) given its approval for revision of the B.S.C.S. 
materials that have now been published in hard cover books. Such a situation 
can stultify curriculum development. An interesting Grobman phrase is 
"content determination by non-academic market place". This can mean not only 
that publishers, rather than authors, might select what is in books, but what 
was mentioned above, that curriculum development is impossible if texts and 
manuals are not continually rewritten and modified. 

Summary of Problems -- Finance and Advancement 

The key to the updating of science education in Canada is as it is 
in all countries the provision of funds so that . 

1. Committees can design new courses for elementary school children as well 
as secondary school students. 

2. Updated printed material for the new science courses can be made avail- 
able to all concerned. 

3. Adequate teaching personnel can be recruited and trained. Such personnel 
will include not only teachers but also laboratory and clerical assist- 
ance. The teachers workload must be reduced as must the teacher-pupil 
ratio. 

4. Elementary teacher training colleges must accept as students only those 
with adequate science background. If the trainee is accepted without 
such a background the teacher training college must provide it. Other- 
wise science specialists must become the rule in elementary schools. 

5. High school teacher training institutes must give a thorough review of 
the principles and history of science to the future teachers of second- 
ary school sc’.ence. Secondly, these institutes must demonstrate 
thoroughly how to develop, administer, and teach the programmes we call 
"modern science". 

These actions are possibly the direct concern of a Department of Education, 
while the next three problems will have to be solved by local or regional 
school boards: 

6. Reference books of suitable quality and number must be provided for a) i 
classes. 

7. Laboratories, lecture rooms, preparation rooms and study rooms must be 
increased in number in every school. Suites in what have been consider- 
ed the best schools of the 1950's and early 1960's are totally inad- 
equate for programmes that began to take shape in the 1950* s. 

8. Adequate laboratory equipment and audio-visual aids must be provided for 
the science suites. 
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A “Canadian Association of Science Specialists and Educators" 

A strong association of ly the best qualified science teachers, 
scientists, and industrialists could co-operate with departments of education 
and school boards regarding the. ;onstant updating of curricula, teacher train- 
ing, and school procedures. 

As concerned Canadians we must all unite and work to the limit of 
our strength to establish the highest possible standards in our schools, for 
as Bentley Glass said in his final note to the B.S.C.S. as its chairman .... 
"freedom is fragile if citizens are ignorant". 
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THE NEW SECONDARY SCHOOL COURSES 



by 

J. M. Ramsay 

Superintendent of Secondary Schools 
Barrie District Collegiate Board 



It was with a great deal of pleasure that I accepted the invitation 
of the committee in charge of this programme to attend and speak at this 
C.T.F. Science Teaching Conference. For many years I have had a great in- 
terest in the possibilities of co-ordinated effort between the Provinces of 
Canada, and even on an international scale, to produce courses which would 
be taught throughout the continent and would allow transfer readily from one 
place to another. 

My first interest in this work began in about 1952 on a visit to 
the National Science Teachers' Convention in the city of Chicago. At that 
time I listened to many reports given by our American colleagues, telling of 
the things that they were doing in curriculum, the advances that they were 
making, the changes that were occurring in their methods, and so on. I be- 
came convinced that here was a massive effort being devoted to repetitious 
work in fields that required a co-ordinated approach. My interest was re- 
kindled in 1961 at a similar conference, again held in Chicago, at which a 
number of representatives of the various provinces of Canada got together 
in an evening, and in their disttissions expressed their conviction that a 
co-ordinated effort was possible in Canada if the necessary changes could be 
initiated through the teachers themselves. During the years from 1958 to 1962, 
I had the privilege, as an Inspector of the Ontario Department of Education, 
of visiting most schools in the Province of Ontario and seeing, among other 
things, science classes in those schools. There ar.j almost as many opinions 
among science teachers as to the requirements of on * science courses as there 
are science teachers themselves. 

I have been asked to discuss the new secondary courses under the 
topics of principles , purposes and problems . Let's look first at the prin- 
ciples behind the courses. Shortly after my arrival in the Department 
in 1958, the need was apparent that there should be changes in the courses 
of study set up in science classes from their beginnings in the elementary 
schools through to the end of grade 13. A start was made with the first 
changes introduced in the courses of 7, 8, 9 and 10. These levels were 
chosen because there was need, it was felt, for fairly rapid changes at the 
senior levels, and it was not practical to begin the changes at the very 
early grades and introduce them, as some might think best, in the lowest 
grades and progress one year at a time through to 13. There was consider- 
able criticism of the courses that were introduced in 1961 in Curriculum I: 1 
(e) because they did not introduce enough of the new topics to suit some 
members of the profession. However, it was felt by the committee at the 
time that one thing in particular was necessary, and that was to restore some 
order out of the chaos that had resulted from the turning over of local 
courses of study to local committees on curriculum which, by the way, are 
still in existence in some places. These local committees, exercising the 
prerogative given to them in the departmental memorandum of 1950 which pro- 
vided for the revision of courses within a local school system by a 
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co-ordinating committee and teachers' committees, devised their own courses of 
study to meet their own ideas of progress. As a result of many committees 
working in varitus parts of the Province, science teachers in particular 
were galloping off in all directions and the result, of course, was apparent. 
Youngsters who moved from one system to another were completely lost. They 
missed that essential of science that we are trying to teach - the order- 
liness of everything within the universe. 

It was the thinking of the curriculum committee members that 
worked on the intermediate division science courses of 1961, that these 
would lead with some continuity into the courses that were to follow. As it 
happened, many members of the 1961 committee were appointed to the committee 
which was soon to study and revise the grade 11 physics course. The new 
course in many ways resembled the course that it replaced. It did bring 
down a number of concepts from the grade 13 level which were thought suitable 
and valuable for the grade 11 group of youngsters. The course of study it- 
self did not lay out the method by which the information was to be taught. 

This brought criticism in that some teachers have felt that unless a physics 
course is taught in the manner suggested by the P.S.S.C. group in the United 
States, it is no longer good physics. This concept has been strengthened by 
some of our university professors who have felt that anything that was not 
P.S.S.C. was old-fashioned and therefore useless. It has been the contention 
of many over the years, however, that a course should be laid down as to 
content, but that the method of teaching should be left to the teacher. 

There is certainly no thought in my mind that there is only one way to teach 
any subject. We are not trying to teach a particular set of facts but we are 
trying to teach the youngsters to think, and in this case, to think scienti* 
fically. I would maintain that there are many ways of doing this and that 
the good teacher will use those parts of the P.S.S.C. methodology that he 
thinks best, or will use those parts of traditional method which have proven 
to be effective over the years. 

The last section of the grade 11 course of studies was chosen as 
nuclear or atomic physics in order to lead directly into the concept of 
chemistry that many on the committee thought was logical in an approach to 
the subject. It was very unfortunate at that time that no member from the 
grade 11 curriculum committee was chosen to serve on the grade 12 and 13 
chemistry conwaittee, and there is no doubt that this caused a breakdown in 
the continuity of thinking which had begun with the early intermediate divi- 
sion course 8 . 

The committee working on the grade 13 course of study in physics 
decided that a logical approach was that of the P.S.S.C. course developed in 
the United States because «t the grade 13 level most of the youngsters were 
studying this particular university level. It was felt that the course could 
be handled at the grade 13 level because the students who would be studying 
this particular course would have had a background of traditional physics at 
the grade 11 level. Similarly, the grade 13 biology course was built on the 
background of the grade 9 and 10 courses in general science. In grade 9 the 
student had been introduced to zoology at a level which followed up his 
elementary training, and in grade 10 almost half of the year had been spent 
on botany. The new course in grade 13 biology was a combination of the old 
botany and zoology, brought up to date and intended to lead on to university 
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courses and save considerable time at that level as well as giving a good 
general background in biology to students who were taking it for general 
purposes. I have not yet had an opportunity to study the new course to be 
introduced in grade 13 chemistry. 

There is no doubt in my mind that in developing these new courses, 
and I have not dealt with the new 4-year options at all, the principle of 
continuity has been kept always in mind. There has been an updating of 
material, and there has been a constant effort to introduce concepts of 
interest and value to the student, whether he is to specialize or generalize 
in the subject in later years. There has been an effort to provide material 
that is of current interest and also to provide the background for the stu 

ent who wishes to go on. 

Changes such as these do not occur easily. For many years 
teachers and students were accustomed to the idea that one text in a subject 
provided all the answers. Today, we know that a good text raises only a 
number of questions, and that.it takes several texts to provide even the 
basic background for a good course. Let's talk a little about the textbook 
problem. In many cases, a new course has been introduced for which there 
has been only one textbook available at the time that the course came into 
effect. Other good texts followed close behind, but too late for introduction 
to the schools for that school year. With the concept that we should provide 
textbooks frnn grade 9 to 12, it has meant that when a text was introduced 
in a particular grade at the start of a new course, that text very o ten as 
gone on and on, although a better text in the opinion of the teacher might 
be available. Many of our textbooks have been written by teams of teachers, 
or more recently, by teams of teachers plus university professors. In t e 
first case, with teams of teachers doing the writing, there has been frequent 
criticism from the university levels that the material was not of sufficient 
depth or accuracy to provide what was needed to teach the course. In the 
case of those written by both teachers and professors, there has always been 
danger of overbalance by the senior author and the introduction of materia 
that was actually beyond the needs or understanding of high school students, 
The multiplicity of topics covered in the various science cources ’i; the 
provinces of Canada has limited the use of any particular textbook usua y 
to the province in which it was written. This, of course has meant that it 
is more expensive to produce the textbook because of its relatively limited 
distribution, and also that the authors for any particular text are usually 
limited to the teachers of that province itself. There is no doubt that, 
because of these problems, we miss out on a great deal of talent and a so 
that we lose in the quality of production of the textbooks that we are 
using. A student moving from province to province during the school years 
is faced with an almost impossible predicament. He is confronted with dif- 
ferent texts, different concepts in the course of study, and vastly dif- 
ferent timing of the various topics. 

The teachers, too, have had their problems. I do not feel that 
the changes that have occurred in grade 7, 8, 9, and 10 or even 11, have 
caused particular difficulties, but the introduction of so many changes in 
the senior levels, particularly in grade 13, certainly has given rise to 
many worries. The category system, introduced for payment of salaries in 
Ontario and widely supported by the O.S.S.T.F. and even the Department of 
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Education, which stays away from salary matters, has caused problems, too, 
for the teachers. There has been an almost constant pressure on the young 
teacher to upgrade himself, to take course after course at the university 
level, to raise his category from I to II to III to IV, and so increase his 
salary status. This has meant that the young teacher who has entered the 
profession by the summer course route and has taken one course after another 
to upgrade his university qualifications for endorsement, and finally, after 
more courses has reached the specialist status, has been forced to attempt 
two important jobs at the same time - to teach and to study. In the mean- 
time, two things have happened. One, he has had little time left to prepare 
his day-to-day lessons, and two, he has had little time to update himself 
in the information that was of particular value in the subject that he was 
teaching. Far too often the courses assigned for his improvement in category 
have been remote from the subjects that he was teaching in his school. 

For the teacher in the large system updating has not been an 
impossible task. The chances are that the teacher has been specializing in 
one major field in particular. However, in the smaller district schools, 
a teacher of science who has been a specialist over the years is likely to 
teach more than one of the senior subjects. When this is the case, if we 
should introduce new courses in physics and chemistry and biology within 
a short period, that teacher is faced with a very heavy assignment. It is 
unlikely that he will be able to do justice to all three of these subjects 
during that period and, of course, it is the student who suf feres in every 
case. 



The problems of equipping schools for these new courses is one of 
relatively major proportions as well. It is all very well to say that we 
are spending only a small percentage of the nation's capital on education, 
but at the Same time we must realize that current budgets cannot send the 
tax rate soaring in any individual year. That is not a practical approach 
to the problem. It has been the custom over the years, and I think it 
must remain the custom, that we keep our budgets within reasonable limits. 
Increases in taxation, if they must occur, must be gradual, so that no-one 
is hurt too severely at any One time. The increases required in science 
budgets over these past two or three years have been very significant. 

In spite of all our difficulties we have not had the problems 
with the new courses in science that have been prevalent in the introduction 
of the so-called "New Mathematics" in the secondary schools. We have not 
had to introduce such radical new concepts in the middle of an educational 
programme. We have been fortunate in that changes in topics from one grade 
level to another can be done with a minimum of disruption to either staff 
or students. It is only, it would seem, at the grade 13 level that we have 
had a real difficulty, and this difficulty I maintain, is one that is cap- 
able of solution within a relatively short time. Many administrators have 
joined with teachers in bewailing the fact that these changes are coming 
too fast and without enough study. I maintain that if a change is worth 
making for educational purposes, it is worth making at the time that the 
decision can be implemented. If we wait until all of the problems are solved, 
until new textbooks have been written, until our staffs have been retrained, 
until our schools have been re-equipped, it will be time for new changes. 
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We must learn to live with constant change of courses of study. Our teachers 
must be prepared to keep themselves up-to-date. As professional people, 
they are being paid as experts in their own fields, and, of course, must 
use their own time and their own effort to maintain themselves as experts. 

As administrators, we must provide not only money but encouragement and the 
maximum opportunity for the updating of our teachers. 

In conclusion, may I say how noteworthy it is that I was asked to 
discuss the principles, purposes and problems of the new courses, and I was 
not asked to offer my solutions. I would hope to have an opportunity in the 
discussion period to add some of my own ideas on this particular portion of 
the topic. 




PRINCIPLES , PURPOSES AND PROBLEMS OF THE 
NEW SECONDARY SCHOOL SCIENCE COURSES 



by 

Mr. L. W. Steele 

Assistant Superintendent, Curriculum Division 
Ontario Department of Education 



A. Introduction 



Mr. Chairman, fellow panelists, ladies and gentlemen. 

It is indeed a pleasure to be able to participate in this worthy 
conference. It has long been a personal desire of mine to see the forma- 
tion of an active, national association of Canadian science teachers. I 
commend the officers of the Canadian Teachers' Federation for the leader- 
ship which they have demonstrated in organizing this conference of science 
educators. In so doing they have made it possible for that intimate 
interplay of personalities and intellects to occur which must precede 
the formation of any official organization. 

It is a privilege to meet so many of the leading figures in science 
education from across our nation. I look forward with high hopes to the 
continuation of the professional associations which we are making today. I 
extend a warm invitation to all delegates to contact the officials of the 
Ontario Department of Education in order to discuss our problems of mutual 
concern. It is hoped that we may in turn have the privilege of visiting you 
in your various Provinces. 

From coast to coast we find educators at all levels working with 
great vigour to meet the challenge of educating children for the rapidly 
changing world in which we live. Qualifications demanded of teachers are 
moving upwards as are the salaries to attract personnel of the high calibre 
required. Teacher training institutions are increasing in numbers as is the 
scope and intensity of the courses which they offer. Teacher organizations 
are assuming greater responsibilities in the area of professional develop- 
ment. Departments of Education are ever increasing the number and scope of 
the services which they offer to assist the teacher in his demanding role. 
Different aspects of this stimulating endeavour are being discussed at the 
various sessions of this conference. This afternoon we are directing our 
attention to the new secondary school science courses. 



B . Principles and Purposes 

Science curricula in the past have attempted to present a carefully 
constructed, sequential development of topics from year to year throughout 
the secondary schools. It was hoped that secondary school graduates would 
thereby acquire a reasonable compendium of scientific facts for their future 
life and also gain a sufficient understanding of scientific principles to 
form an adequate preparation for university work in science if desired. The 
phenomenal rate of increase in scientific knowledge in recent years, and the 
impact which that knowledge is having on our society, has made it apparent 
to all concerned that educational practices of the past aie n it necessarily 
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sufficient for demands of the future. Science courses in the past have 
tended to be neat packages with no loose ends where the emphasis was on the 
facts rather than the processes. 

As a result of considerations such as these, much emphasis has been 
placed in recent curriculum research in presenting science as what has been 
called a narrative of inquiry rather than a rhetoric of conclusions. Student- 
performed laboratory experiments in which both successes and failures are 
expected and contribute to the student's appreciation and understanding of 
science play a major role in the course development. The predominance of 
open-ended experiments, the increased emphasis on individual study by students 
followed by group discussions and, the accompanying decreased emphasis on 
formal lesson presentations by the teacher, are all designed to assist the 
pupil in developing his facility of self -instruction . 

C. Problems and Their Solutions 



Coincident with the changed emphasis in approach has come an up- 
dating and re-evaluation of content. For those of us who graduated from 
university some years ago, some of the topics which are at least introduced 
in the new secondary school science courses were not included in our under- 
graduate courses. The wave mechanic theory of atomic structure, certain 
aspects of modern molecular biology, and modern theories of chemical bonding 
are topics which require additional study by many of us in order to have a 
sufficiently firm grasp of the subject in order to feel at ease in discussions. 

It is evident that 1 have been referring to such courses as the 
B.S.C.S. biology, the CHEM Study and C.B.A. chemistry, the P.S.S.C. Physics 
and the Introductory Physical Science courses. These courses, developed by 
large numbers of educators working for several years, and underwritten by 
generous grants from various organizations, were developed for schools in 
the United States. Due to the different backgrounds in science education, 
the difference in the academic requirements which influences the nature of 
the science student population, the time allowed for science instruction, 
and the additional academic load which students carry, it is impossible to 
make direct comparisons of the suitability of these American-designed 
courses to the Canadian educational system. Ob. >usly each Province must 
develop its own adaptation of the original courst., if indeed they wish to 
use this material at all, in order to arrive at a curriculum suitable for 
their particular educational system. 

What can the Department of Education do in order to assist 
teachers in making the necessary adjustments and to work with teachers in 
the development of the most suitable courses of study for their Provinces? 
Examination of the national educational scene reveals that procedures such 
as the following are being practised in one Province or the other: 

1. Summer Institutes or Saturday Institutes 




Departments of Education, universities, local Boards 
of Education and teachers are cooperating in various 
ways to organize Institutes. 
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Two aspects of the problem are being dealt with here: 

(a) Up-dating of the teacher* s background 

(b) Introduction to the philosophy and techniques of 

presentation of the new courses. 

Probably different regions are having more success 
in the handling of one aspect than the other. Undoubtedly 
our ability to deal with both aspects effectively will 
improve as we become more experienced in this endeavour. 

Here in Ottawa, the physics teachers, have received 
v 0 ry valuable assistance from an association of profes 
sional physicists. The Ottawa Branch of the Canadian 
Association of Physicists has formed a Science Education 
Study Committee to study the problems of science educa- 
tion and to give assistance in overcoming these diffic- 
ulties. Hence a series of Saturday sessions was present- 
ed, last year for the benefit of teachers of the new 
Grade 13 physics course in Ontario, which is based on the 
P S.S.C. Physics course. This series was organized through 
cooperation of the physicists and the Ottawa Collegiate 
Institute Board. The physicists have also made arrange- 
ments to assist the teachers in the problems associated 
with equipment evaluation and maintenance. 



2. In-Service Worksho ps 

Workshops are being held in all areas of the Province to 
continue the program of assistance to teachers which 
began in the Institutes. In some cases the workshop may 
consist of a getting together of the teachers in a local 
area to discuss their mutual problems with each other 
and perhaps a Department official. In other cases, teachers 
from another area may participate as resource teachers in 
these discussions. 

Science teacher organizations are taking an active role in 
assisting in both the financing and organization of workshops. 

3 . Curriculum Study Guides 

In order to assist the teacher in both the interpretation 
and presentation of the course. Departments of Education 
have either included explanatory material with the cur- 
riculum publication itself, or have issued separate Guides. 

It is probable that a more extensive use will be made of 
this avenue of assistance than has heretofore been the case. 
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4. Educational Television 



i 



i 



Departments of Education are experimenting with the 
particular abilities of television to assist in course 
presentation. 

This aspect of pedagogy is still in its infancy and 
educators anticipate great developments as this infant 
grows and matures. 

5. Close Liaison with the Classroom 

Close liaison with the classroom is required if curriculum 
personnel are to develop courses which are suitable for 
the students concerned. 

If I may be excused for giving a specific example from 
the local scene once more, I would like to mention that 
in this regard the Ontario Department of Education now 
has a number of subject specialists working full time on 
curriculum development and implementation. It is ex- 
pected that this organization will make it possible to 
improve both the integration within a given subject field 
from Kindergarten to Grade 13 and the coordination of the 
subjects one with the other, at all grade levels. 

As part of their work in this area, the subject specialists 
concerned are attempting to spend a significant portion of 
their time visiting classrooms in order to assess the suit- 
ability and effectiveness of the various curricula from 
personal observation. The comments of the teacher are also 
carefully considered and reported to curriculum committees 
for their guidance. 



D. Conclusion 



Many practical problems of curriculum developr. t 2 nt and implementation 
could be reviewed, however, these are concerns which might better be consid- 
ered in the discussion if desired. 

As I am associated with the Ontario Department of Education, I 
would be remiss indeed if I did not at least mention the studies which are 
currently in progress in this Province to determine both the advisability 
and feasibility of introducing General and Advanced Level courses at the 
Grade 13 level of instruction. 



Curriculum committees were formed this Fall to prepare broad, 
suggested outlines of proposed courses at both the General and Advanced 
Level for consideration by educators. I have here a few copies of the pro- 
posed course outlines in Biology, Chemistry, Physics and General Science. 
Current deliberations and the comments which the Department receives from 
university and secondary school personnel will assist the Minister in de- 
ciding if it is advisable to experiment with these courses or not. You are 
welcome to take a copy of these reports if you wish. 
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I have attempted in the last few minutes to outline some of the 
Principles, Purposes and Problems of the New Secondary School Science Courses 
as seen from the viewpoint of a curriculum official. I hope that in the dis- 
cussion period following we will have the opportunity to examine this topic 
in more detail. 




INTERESTING THE GENERAL STUDENT IN SCIENCE 



by 

Dr. D. M. Baird, Chairman 
Department of Geology 
University of Ottawa 



From birth humans are interested in investigating the environment 
around them. Most of us upon investigation of that pink thing that waved 
to and fro blurrily in front of our eyes found it to be our own toe and thus 
achieved our first investigative success. Curiosity about the world around 
us follows intelligent humans all through life from this time through dabbling 
in mud puddles on the way to kindergarten, to the discovery that animals and 
plants are of different kinds in grade school and to the first elementary les- 
sons in formal science in high school. The interest in investigation of the 
environment seems to be fundamental. 

As for the title "Interesting the General Student in Science" it 
has always been a matter of importance to me that there is no fundamental dif- 
ference between interesting the general student in science and interesting 
the general student in anything else because it always seems to come down to 
the same fundamental factors. We could, perhaps, list them under three headings: 
subject matter, its presentation, and the social background. 



Subject Matter 

The subject matter in science ranges from the most abstract 
mathematics to pure description to cause and effect observation. Men are 
curious and the world is an interesting place. Science is fundamentally 
interesting. 

Presentation 

The presentation of any subject is a vital part in stimulating 
interest in any student on any subject. I suppose the first part of present- 
ation which is important is to have qualified teachers with some knowledge to 
impart. The second general requirement is to have some knowledge of techniques, 
not only of pure communication from one human to another but, in science 
probably more than any other activity, an ability to impart a sense of participa- 
tion in discovery is a vital ingredient. 

Yet there is one aspect of interesting the general or any other 
student which is even more important than qualifications, knowledge, or technique. 
That is enthusiasm. In my own experience with teachers, both as a student for 
many years and as a professional teacher on a variety of university staffs I 
have found again and again that the successful teachers are those with enthu- 
siasm - enthusiasm for their own fields of interest, and enthusiasm for sharing 

it with others. 

One of the prime duties of the science teacher, I have always thought, 
is to remove the mystery from science to make it into something natural which is 
what it fundamentally is. Nowadays we hear a great deal about the conflict 
between the two cultures, the arts and creative endeavours on theone hand and 
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science and technology on the other. Scientists are often painted as the orges 
who invented the bomb and got the whole of civilization into terrible trouble. 
Science itself is surrounded with an aura of mystery and placed upon a pedestal 
it does not rightly deserve. If science can be generally described as a system- 
atic investigation of our environment then it can be a thoroughly natural and 
logical part of our activities. The child in grade four, the high school student 
in the first lab. he has seen, the university student in more advanced work and 
finally the research director in a major institute may all be doing exactly the 
same thing - observing, experimenting, testing, and concluding about things he 

has seen ar.d done. 

An important part of attracting the general student in science in my 
teaching experience has always been the necessity to make an effort to make 
science and the investigative procedures compatible with a love of beauty/ It 
is important to communicate to students, I think, that the patterns of trees, 
the green grass, the curving river and the colours are very beautiful. For the 
man who understands the infinite variety of natural processes spread out before 
him, how the river is evolving slowly over the thousands of years, how the 
chlorophyll in the trees and plants utilizes the sun’s energy, and how the glacier 
on the distant hill operates can feel not only the original sense of beauty but 
have other channels of appreciation just as profound and moving as well. 

Perhaps in no other field of human activity can a student be made 
to realize* as clearly as he can in science that the knowledge of today is but 
the point of a tall pyramid. It is interesting to think that the most elementary 
course in chemistry or geology or biology dr physics in universities now imparts 
knowledge far more broad and profound then the leading minds of a half century 
ago were able to penetrate. Seventeen year old kids know far more about the 
physical world than Newton or Galileo or Darwin or Kelvin did at the heights of 
their powers. It is, I think stimulating and necessary for students to realize 
that we climb the heights only on the shoulders of others who have gone before us. 

The Social Background 

It may seem a little odd in a general talk on interesting the general 
student in science to mention the social background and yet this is a vital part 
of the education process. In the first place learning must be made a respect- 
able activity generally through the community. Very few of us are too young to 
remember the "egg-head” attitudes and talks in the United States of a decade 
ago. In some societies learning is much respected, in others it is laughed at. 

A fundamental part of stimulating interest I think is making sure that it is 
realised that in particular and knowledge in general are respectable things. 

In connection with this, it would be very valuable for us in Canada 
to have some sort of national identity in science. At the present time in this 
country science is very much on a hit or miss, helter 'skelter sort of arrange- 
ment. There seems to be no national purpose and no national direction. 

Canadians are not world renowned for their efforts in particular branches of 
science which might be said to be related to their particular resources, or 
needs. I am sure that it would be much easier to interest the general student 
in science if everybody knew that Canadians were outstanding in agriculture 
or oceanography or -- you name it. 



For such a national identity in science to be achieved it is probably 
necessary to have some sort of national directive body in science which would 
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be able to advise or even decide to encourage activities in certain lines. 

With such an enormous expanse of the earth's surface within the boundaries of 
this country it would seem logical that the Earth Sciences would be one place 
where Canada should place a great deal of emphasis. With enormously long 
shorelines, tremendous areas of the continental shelf under our control it 
would seem again logical that Canada should pour a great effort into learning 
something about the Continental Shelf and the near shore parts of oceanography. 
With this country being one of the main bread baskets of the world it would 
seem logical too that a great deal of our scientific effort should be directed 
to a better understanding of those processes which bear upon agriculture and 
its biology. It would seem that somebody or some body of men, distinguished 
in several fields, could advise governments and universities whether it is 
in our public interest to spend great sums on atomic sciences at Chalk River , 
to send the Alouette into space on the top of an American rocket, to do partic- 
ular kinds of chemistry or physics or biology. This does not in any way imply 
that we should discourage initiative and enthusiasm in odd branches of sciences 
or for odd people with talent. Creative things have almost always come about 
through the efforts of intellectual non-conformist. Yet we lack a national 
identity in the sciences. 

What to do 



Now, aside from these generalities what specifically can we do to 
interest the general students in Science. Nowadays there is an enormous number 
of aids to teaching - superlative movies are available in an enormous variety 
of subjects; television programs of great variety, great beauty of production 
and depth of information. Magazine articles, illustrated often with beauti- 
fully conceived and executed diagrams, are abundantly available. Prepared 
experimental apparatus, often of an astonishingly simple and economical type, 
makes science come alive. World-wide coverage of natural phenomena, great 
volcanic eruptions, the migration of fish, the occurrence of cyclones or the 
phenomena of the upper atmosphere are all day to day events. Thus in addition 
to enthusiasm, proper techniques and presentation, qualified teachers with 
knowledge have at their disposal a tremendous variety of tools for interesting 
the general student in science. The respectability of learning in general 
and science in particular, the encouragement of a national identity in science 
and the feeling of going in some particular direction are things which may well 
depend on interesting the general student in science and in their turn it will 
make it easier to do so. 



SCIENCE OUTSIDE THE CURRICULUM - FOSTERING EXCELLENCE 



i 



by 

John M. Anderson 
Director (1964- 65) 

Royal Canadian Institute Summer Science Program 



”1 have learned that there is a great excitement in learning; that to 
stretch one*s mind is a profoundly moving experience; that there are teachers 
who do not conmand learning but invite it; that science is a vibrant flood of 
discoveries, a synthesis rather than a collection of facts". This was written 
by a grade 12 O~tario student last August. He had just completed a six-week 
summer science program sponsored by the Royal Canadian Institute. He was no 
ordinary student, however, and the program was equally unique. 

This morning I want to tell you something about this program. I 
think you will find it interesting for this program takes some of the best 
students from your schools and puts them into an academic setting which could 
only exirt under the very special circumstances which the opportunity of the 
program provides. The general student is excluded. We are concerned only with 
the exceptional one. I make, however, no apologies for our exclusiveness. 

While I readily agree that more should be done for the general student, I sub- 
mit that there is, in relative terms, a much greater need in Canada for direct- 
ing special attention at the small number of exceptionally- talented students, 
i think, in view of what follows, that it is important that you know my reasons. 

The intellectual climate of any country is to a large extent deter- 
mined by the extent to which excellence in human achievement is recognized, 
appreciated and, most importantly, encouraged and supported. Canada, to be 
true, is not exactly an intellectual wasteland, but many of our most promising 
younger citizens who move south, comprising our so-called "brain drain", do so 
(particularly in science and engineering) because it is evident that the intel- 
lectual pastures in the U.S. are definitely greener. Excellence, then, 
deserves support for its own sake (whether it be in art, skiing, science, or 
any other field of human endeavour). 

Excellence also deserves support as a means to an end. In no field 
is this philosophy more relevant, and urgent, in Canada than in education. 

From many important sources (♦* g. The Economical Council of Canada Report,. 

The Bladen Commission on Higher Education) we are being told in no uncertain 
terms that however difficult it might be for economists to ascribe absolute 
values to it, education, including the fruits of new knowledge, is an absolute- 
ly decisive factor in the economic growth of Canada. Particularly is this true 
for science and engineering. That being the case, it seems to me that some- 
where in the educational set-up there should be a system which singles out for 
special attention those persons who possess potential scientific promise..... 
those persons who are most likely to set the pace and provide the leadership, 
standards of excellence and initiative in the Canadian scientific enterprise. 

In short, we want to foster "excel lence-at- the- top". The R.C.I. Summer Science 
Program has this as its chief aim. 
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The student whose quote I began this talk with was one of thirty- five 
grade 11 and 12 students chosen by competition from across Canada. The basis 
for selection was strictly academic, vis a vis ability to pay all or any part 
of either the tuition-board costs, which was $550 per student, or travel ex- 
penses. Last year more than 200 students had applied. The 23 boys and 12 
girls selected represented nine provinces and the Northwest Territories. The 
students, therefore, were an elite group comprising without question some of 
Canada's future outstanding leaders in science and engineering. 

Apart from being the only one of its kind in Canada* the program was 
unique in its own right. Most of the instructors hold senior positions in 
Canadian Science. Moreover, all are first-rate scientists, many with inter- 
national reputations, and all are gifted teachers. Last summer's group of 27 
instructors represented six universities, seven government agencies and two 
private industries. A new university with these people as its first staff 
would attain national recognition overnight. The program ran for six weeks - 
five weeks at the Lakefield Preparatory School near Peterborough, Ontario 
(a private school for boys during the regular academic year), the last week 
in Ottawa with the students living in residence on Carleton University's 
campus but working in laboratories of the National Research Council of Canada 
and the University of Ottawa in addition to Carleton University. 

The program dealt with science in its broadest sense. For example, 
the areas discussed were philosophy, mathematics, biology, chemistry, geology, 
physics, experimental psychology and engineering sciences. The unifying 
theme lay in the design of the instruction. The aim was not to impart factual 
knowledge but rather to give the students a meaningful insight into what '* 
science is really all about. To many students , even the very bright ones, the 
essence of science is rote memorization, facility in manipulation of mathe- 
matical formulae, and wearing a white coat, to name only a few of the prevalent 
false assumptions. The true essence of science is discovery . The raison 
d' etre of any scientist is to ask questions of nature and then try to answer 
them. Question-answering activities are, of course, not the special prerog- 
ative of scientists, but the kind of questions which can be asked and the 
way in which they are answered constitutes the so-called "scientific method" 
and in practise delimits science from other fields of human endeavour. 

Not the facts of science then, but how facts are uncovered in 
science was the procedural keynote. All fields of science are amenable to 
this approach. For example in pure mathematics, the instructor had the 
students devise their own systems of algebra. Not surprisingly, the systems 
devised were for the most part a combination of crudity, triviality, and 
mathematical impurity - but that was one of the essential consequences of 
the exercise for in having their "discoveries® so assessed they learned a 
great deal about certain fundamental principles in mathematics, and in a way 
which will not soon be forgotten; and, most importantly, in having undertaken 
the exercise in the first place they were forced to recognize that mathematics 
is a lively discipline quite amenable to the experimental point of view. 



Summer Science Programs, similar to the one put on by the R.C.I., are well 
known in the U.S. Last year more than 200 such programs were sponsored by 
the National Science Foundation for more than 9,000 talented American 
secondary school students. 
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From the standpoint of the students, the benefits were manifold. 

The feeling of excitement and deep satisfaction which accompanies an indepen- 
dently-arrived at discovery, no matter how trivial or mundane, was shared by 
all -- but there were many other benefits. For example good science begins 
with an idea, cot apparatus. One dramatic demonstration of this involved, 
after much argument and spirited discussion, a student-designed experiment to 
answer the question "vnut is the diameter of the earth?". As it turned out,^ 
the apparatus needed couldn't have been simpler -- plumb bobs, string, 2 x 4 s, 
nails, watches, one car and a sunny day. Elaborate and expensive apparatus 
would merely have added a refinement to the measurements, not an improvement 
in the original idea. The students also had some apparently curious notions 
as to what scientists are like as people shattered. As one student wrote at 
the end, "scientists are human beings -- and pretty good one's at that". Also 
many were astonished to learn (evidently it had not occurred to them before) 
that if a person liked finding things out for himself, and was prepared to 
learn how to discipline his natural curiosity, then he could make his natural 
bent a career -- as a scientist. And of course many found their summer exper- 
ience invaluable in their choice of university specialization. In the long 
run, however, perhaps the most important single benefit to the students was 
the way the program changed their approach to learning. Many comments by the 
students reflect this, of which my favourite is, "Thinking is an amazing 
experience". They learned that real understanding of any problem comes only 
from objective, critical, imaginative and precise thought — and that this 
process is not at all easy. The rewards, however, are intoxicating — a flash 
of insight, order suddenly replacing confusion, an increase in self-confidence. 
Students imbued with this approach to learning is unlikely ever to become 
engaged in second or third rate activities. 

To date there have been three summer science programs, involving 102 
students. We have been following with some interest their subsequent progress 
by questionnaires. Their replies have been most gratifying. All who are now 
eligible to go to university are there, and of this group more than 957. have 
chosen either Science or Engineering. On the average they have been awarded 
1.7 major scholarships each. The best summarization of the consequence of 
their simmer experience is the remarkable frequency with which such kinds of 
statements as "the Summer Science Program was the most exciting and important 
thing that has ever happened to me", appeared, unsolicited, penned on the 
margins of the questionnaire. 

I am going to conclude with a mixture of anxiety and confidence. 

I said earlier that we need to foster excellence at the top in the scientific, 
enterprise. If you look at the present system you will find that encourage- 
ment and support of our promising young Canadians in this area does not begin 
until university and really reaches significant proportions only at the 
graduate school level. It seems to me that there are compelling reasons :?hy 
we should set aside at least some of our financial resources for the support 
and encouragement of our potential leaders in Science and Engineering as 
soon as they can be identified. Surely the senior years at high school is 
not too early. The best example of the efficacy of this philosophy I can 
think of is our preeminence, in hockey at the N.H.L. level where the owners 
of the teams realized a long time ago that elaborate (and expensive) farm 
system is the only way to guarantee a supply of Bobby Hulls and Jacques 
Lapei.rieres. Excellence at the top on a significant and continuing basis 
is attained by nurture, not neglect. What I am anxious about is that sup- 
port for summer science programs like the one I have been describing may 
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derive more from a "for motherhood -- against sin" attitude than“from a true 
understanding of the very real needs of Canada in the changing times ahead. 
This year's R.C.I. summer science program was cancelled because of a $10,000 
debt incurred by the previous programs and no prospects (last January) of 
the financial picture being any brighter for this summer. The R.C.I. has, 
however, committed itself to resume its special program in 1967. What I am 
confident about is the possiblity that the summer science program is now 
over the financial hump. The announcement of the suspension of this year's 
program had far-reaching and most gratifying repurcussions in both private 
industry and government circles. Evidently, there are in this country 
people in high places who believe, as do we, that Canada cannot afford not 
to support this kind of program. It is an investment, not a luxury. 



ENCOURAGING THE FUTURE SCIENTIST 



by 

Dr. Henry I. Bolker 

President, Youth Science Foundation of Canada 



I speak to you from what the modern literary intellectuals call. 

"a position of total commitment". And my cause is this: if our country is 

to continue to prosper in a world evermore reliant on science and techno ogy 
for its well-being, then we will surely need more and more scientists, engineers, 
and teachers of science in the years to come. Furthermore, if we are to have 
practitioners of the level of excellence we will require in these professions, 
then we must somehow show our young people that their elders - parents, teachers 
and the general community - all care about it, and all set a high va ue on t e 

achievement of exce Hence . 

That is my commitment, but, though committed, I am not a fanatic, 
and I shall not speak entirely from emotion. To show how scholarly I can be, 

I will support my arguments with appropriate recorded facts and quotations. 

It is, of course, an old joke that to copy from one source is 
plagiarism; but to copy from more than one is scholarship. Nevertheless, in 
preparing this talk, I found that I could have made it up entirely of quota- 
tions from published studies, the general pres**, and other sources, and, with- 
out inserting a word of my own, wither citing from the experience of the 
organization I represent, could nave come to the same conclusions. 

Let me begin with a quotation listing ten factors that are needed 
to produce interest in the student and to encourage him in the pursuit of 
excellence from childhood to maturity: 

•• Interest of parents, early interest of the child, the commitment 

of school officials, good teachers and teaching programmes, maintenance of the 
student's interest through late adolescence, the student's choice of career, 

the university training, the family situation (in adulthood) and 

professional assimilation and membership." 

When these words were written, they were not intended to describe 
the education and life of a scientist. I took them, and only slightly modi- 
fied, from a newspaper article entitled "A. Shortage of Strings Worries North 
American Orchestras" . *) It is surely not unrelated that the same period of 
history should produce apparent shortages of both scientists and musicians in 
North America, but that is a relationship I shall pass over and leave to some 
better-qualified student of the Affluent Society. 

But the parallel breaks down when we consider that we applaud 
superior musicians from Russia, while we feel considerable apprehension over 
the achievements of he/ scientists and engineers. 

It is perhaps an irony that science and technology, which have done 
so much to ease the physical burdens of North Americans, should have been 
relegated to a secondary position in the minds of its average citizens, and 
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moved to the front place only after the traumatic day in October, 1957, when 
we discovered that the Russians could be more successful technologists than 
we. They beat us fair and square in sending up the first successful artificia 
sattelite , and since then there has been a "space race - more suspense u 
than a Roman Circus, and aecidely more expensive. 

This defeat, in 1957, led us North Americans to ask: is there 

something wrong with our educational system? Of course we should have asked 
the question years before, and without the kind of motivation that prompted 
if but it is better to do the right thing for the wrong reason, than not to 
doit at all. In 1957, we suddenly began to ask why Johnny can t read and 
Ivan can, and we suddenly began to show great concern over impending shortages 

of scientists. 

Indeed, we suddenly realized that we had long since needed some spur 
to create an interest in the study of science and to ensure that students who 
showed such interest were not discouraged by the contempt of their fe cws 
who called them "eggheads" and "grinds" , and who made heroes only of football 
players, while they made social lepers of those who strove for academic 

excellence . 

At this time, too, amid the concern and talk about "shortages" of 
scientists, in the United States there appeared all sorts of programmes designed 
to alleviate them. From this side of the border it looked as if the sums of 
money the Americans were spending were astronomical. 

Now, however, there are ominous signs that in the United States the 
honevmoon may be drawing to a close. Disregard the curious symptom that the 
U S ^television networks have lately begun to show football games simultaneous y 
Hitt launchings of manned satellites. Rather note that this is the first year 
since the middle of 1950* s that the U.S. fedei.«*l budget does not contain a mas 
sive increase in total funds for research and development. ™iere 
great reduction of funds, but certainly no increase. It is surely true that 
part of the reason for the abrupt change of pattern is the heavy expense 
war in Southeast Asia, but, also the mood and questions of congressiona com- 
mittees are such as to suggest some degree of disenchantment with scien . 

In our own country, as usual about ten years behind its neighbour, 
the big buildup of science has just begun. It was only a little over a year 
ago that the Prime Minister established a Science Secretariat. The promised 
Science Council does not yet even exist. However, for the second year in suc- 
cession, the National Research Council is to receive a huge “?“??! “ ^Uars 
budget- it will rise 21 per cent from last year's figure of 71 million dollars, 
to a new high of 86 million dollars. 3) Only the Department of Defence Production, 
the Dominiof Bureau of Statistics, the National Capital Commission and the 
Secretary of State have larger percentage increases than the N.R.C. .andthe last 
two are special cases because of the coming Centennial Year. Of these five 
items in the Federal Budget, the N.R.C. has the largest dollar increase. 

Undoubtedly, a good deal of the increased budget at N.R.C. will be 
used to support the still-rapid growth of university research. In addition, 
the government has taken astonishing fiscal measures, mainly in the form of 
tax concessions, to encourage private industry to expand existing research and 

technical facilities and to build new ones. How are we g 01 "g ° filling 

these programmes, and fill these laboratories? Well, I don t think that fi g 
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the ’ -^oratories with scientists - any old scientists - is really difficult. A 
good case can be made that there is no real shortage of scientists. The National 
Science Foundation of the United States has predicted that their country will 
actually have a surplus of 19,000 scientists for the whole period 1960-1970. *0 

Indeed, some scientists are becoming cynical about all this talk of 
shortage. Here are the words of one American: 5) 

"I have read many discussions on the 'shortage' of technical people 
and have concluded most of the anguish comes from the prospective employers 
who want to maintain a buyers' market for technical people, from the Government 
which needs technical people to beguile voters with moon racers and other 
buffoonery, and by educators who are trying to enlarge their empires and con- 
struct pipelines to the Washington mother lode of dollars and influence." 

So much for the United States, but Canada, indeed, does have a very 
real shortage. However, it is not a shortage of scientists, hnt. of engineers. 
Some figures were recently published on job offers to students graduating 
from the Department of Chemical Engineering at the University of British 
Columbia: 6) in 1963 the average number of jobs offered to each student was 3.1, 
in 1964 it was 2.9, and in 1965 it was 4.7. The salaries offered reflected 
the shortage: the average offer increased from $446 per month in 1963 to $499 
per month in 1965. Without searching for figures, I am fairly certain that a 
similar situation prevails in other fields of engineering. 

On the other hand, also without any figures, I suspect that our 
country, like the United States, will soon have more scientists than it can 
accommodate, especially when a large part of the surplus Americans start 
spilling across our border. Yet there will be a shortage, and it will b,e a 
shortage of good scientists, with first-class ideas, and to keep the good 
scientists in Canada we will have to be prepared to give them the means to 
pursue their ideas. 

I hope we will be able to do this, for we are so much the economic 
satellite of the United States, that we have to fight hard to overcome the 
branch-plant attitude that is common in- our industries. Recently, an editor 
of the weekly news journal of the American Chemical Society made a dispas- 
sionate study of the Canadian Chemical industry, and reported that the 
ability of our f oreign-owned or affiliated companies to draw on the vast 
research and engineering developments of their parents makes research here 
almost superfluous. 7 ) He quoted one executive as saying: 

"There's no point to spending money on research only to duplicate 
what is being done abroad. It's wasteful to do fragmented, half-hearted, 
small-scale research. Even if we were lucky enough to score a breakthrough 
somewhere along the line, we would end up having to exploit it elsewhere first 
because of the size of the Canadian market. For that matter, too, Canada's 
needs don't differ much from those in the U.S." 

I am coming dangerously close to making the point that it may be a 
mistake to encourage young Canadians to adopt careers in science. But that 
is not zhe point at all. Rather, I cannot say forcibly enough that we still 
need the best scientists and teachers of science that we can produce. We 
also need to create an environment in which they will be able to engage in 
meaningful and productive work. 




42 . 



That is why eighteen scientific, techological and educational 
societies, including the Canadian Teachers' Federation, have banded together 
to see what can be done about raising the level of Canadian science, and of 
the teaching of science in Canada. For better for for worse, they chose to 
copy an American technique and encourage out-of-school activity in science by 
spreading the idea of science fairs in this country. 

When so much is available in the classroom, why should there be 
a need for extracurricular science? I shall answer with a series oc questions: 
why should there be extracurricular sports? extracurricular journalism 
(school newspapers and annuals)? extracurricular music? extracurricular 
dramatics? Because they are all part of the educational process -- all part 
of turning the student into a better citizen. 

In this process, science fairs can play a special role as events 
where students with an interest in science can make a public presentation of 
their own private studies in some special subject. At the fairs, they com- 
pete against students of similar scientific interests, and the winners receive 
appropriate awards in the form of scholarships and other prizes of value. In 
this way, individual excellence is rewarded, and- at the same time general 
interest is stimulated by competition. Even the students who do not compete 
learn something from the exertions of their fellows. 

Let us be clear that the boys and girls participating in science fairs 
are not necessarily headed for careers as "scientists". Science fairs provide 
an outlet for constructive activity for young people, whether they ultimately 
become teachers, doctors, nurses, bankers, businessmen, farmers, government 
workers or engineers. The important thing is that the students have assigned 
themselves tasks, have been motivated to do their best, and have used their 
native talent and enthusiasm to demonstrate creative originality. Participa- 
tion in science fairs requires self-dtscipline; it inspires the spirit of com- 
petition; it helps to establish contacts with adults who, as judges of exhibits 
or as spectators, can encourage youth to look to and beyond the completion of 
required school training. 

One thing more — lare or small, school and regional science fairs 
have this in common: the exhibition is viewed by parents, teachers and friends, 

and in this way some ideas and methods of science are passed on to the entire 
community. 



We hope that the science projects at a fair convey the truth that 
science is not just a set of fact c in a text book, but a living and expanding 
body of knowledge, to which we can all contribute: brilliantly if one is 
Einstein, spectacularly if one is the director of Cape Kennedy, more humbly, 
but still soundly, if one is serious and devoted and undertakes studies within 
one's means. 

There is, of course, another side to this shiny coin. Science fairs 
have been operating long enough in the United States for faults to have appear- 
ed. An official of the American Association for the Advancement of Science 
has reported: 8 ' 

" .... Sponsors — and not all fairs are sponsored by educational 
organizations -- sometimes have a keener eye for publicity than they do for 
science. Some teachers make participation mandatory instead of voluntary." 
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"Children who are too young are encouraged to enter. A high grade in class may 
depend upon participation or be given as a reward for a winning entry. From 
these situations other faults flow. Gadgetry gets over -emphasized, and show- 
manship replaces scientific interest in the selection of projects. We have 

heard more than one student say, 'I'm really interested in , but this 

makes a better exhibit.' Emphasis on competition fosters a kind of intellectual 
dishonesty, the custom of having exhibits built by a parent or scientist friend 
instead of by the student. A few years a go a Washington, D.C. newspaper quoted 
a junior high school teacher was telling a student, 'You must go there and watch 
it being made; last semester some of the children didn't even get to see their 
projects untii the week they were due.' Perhaps the teacher was not quoted with 
perfect accuracy, but science fairs do sometimes invite sponging on scientists. 
One scientist recently sent us a mimeographed letter he uses to avoid writing 
individual replies to the requests he receives from students, in particularly 
large numbers at science-fair time. In brief it says, No, 1 can t tell you all 
I know about marine biology; go to the library. No, I can't send you a col- 
lection of books and pamphlets or any specimens. No, I can't tell you how to 
design a p?:oject; that is up to you.'" 

Let me hasten to add that the writer went on to describe the good 
features and results of student participation in science fairs. Nevertheless, 

Hr. Joseph H. Kraus, Co-ordinator of Science Fairs on behalf of Science Service, 
felt called upon to answer the criticism point by point, and he did so very very 
adequately. 9 ' I don't think he really had to. Everyone knows that any human 
endeavour, however worthy, is open to abuse, and hence to criticism. The point 
is to be aware of the sources of abuse and eliminate them. We believe that we 
are doipg this in Canada. 

In addition, we have recently sent questionnaires to all former 
finalists at the Canada-Wide Science Fair. One of the questions asked that 
they state the benefits they felt from their participation. The answers include: 

"It gave me the confidence to undertake other difficult jobs." 

"It served to show my parents that I could handle my time efficiently 
without their control." 

"It gave me a feeling of finally doing something successfully." 

"It was a factor in helping me to get better summer jobs than I might 
otherwise have had." 

"It made me study my subject more intensively than usual, and I found 
I had to understand it perfectly to be able to explain it to others. I feel 
this experience will help me prepare for my future career as a teacher. 

"It made me aware of fields of science I had not encountered in the 
high school curriculum." 

Let me add one thing more: in Quebec, and at the Canada-Wide Science 

Fair, French-speaking and English-speaking students are brought together in a 
common bilingual meeting -ground. I have observed, and heard comments, that the 
meeting was beneficial and enlightening to all. It is amusing to note that the 
Science Fairs Council, whose members do not judge a man by the language he 
speaks, insisted upon bilingualism even before the current fuss about it ever 
began. Perhaps in a small way, we contribute to Canadian unity. 
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Tcschcrs are all aware of other ways of bringing science from outside 
the curriculum to those students who are most interested, and to those who can 
be led to develop an interest. The most titillating is a series of records called 
Singing Science Records. 10 ' The title of the albums include "Space Songs", 
"Science Activity Songs", "Nature Songs" and "More Nature Songs", and "Weather 
Songs**. I understand that by actual survey the most popular "hits" of the eighty- 
four individual songs are (in order): 

1. "What is Gravity?" 

2. "The Ballad of Sire Isaac Newton" and "Zoom a Little Zoom . 

3. "Friction" and "What Is a Shooting Star?" 



On the more serious side there is at least one programme of cooperation 
between a university and a high school, in which the university professors visit 
the school and lecture on some subject in depth; ' there is another programme 
in which high school students spend every Saturday morning at the university 
where they attend special lectures and work on directed projects; and there 
are also many lecture series sponsored by both universities and community groups. 
From what I have read about them* the lectures sponsored by the Royal Institution 
in London, England, seem to be the liveliest of all. 

An interesting variation was the Connecticut Junior Science and 
Humanities Symposium held at Yale in 1964. I don* t know if it was ever repeated, 
but I understand that it was very rewarding, both to the students and the people 
who organized it. 

Along slightly different lines, the American Association for the 
Advancement of Science annually sponsor js the "Junior Science Academy" at which 
the students themselves present scientific papers. The same is done in Canada, 
at least in Quebec, under the sponsorship of L*ACFAS, the French-Canadian 
Association for the Advancement of Science. 



Within the schools themselves, there have almost always been some 
science clubs, and they often invite professional scientists as lecturers. 

In Canada, such clubs are usually affiliated with and get their inspiration 
from organizations like the Science Clubs of America, and the Future 
Scientists of America . No wonder we have a "brain drain". 

Television programmes of good quality are also a worthwhile stimulus 
for students. Such programmes have been of several types. One is the lecture- 
demonstration, considerably enlivened by wit and imagination. We can fairly 
claim to have had some of the best of these in Canada. Another programme is 
the kind in which youngsters themselves participate, sometimes to play the part 
of naive questioner, sometimes to act as the expositor, and sometimes, * as 
in Midland, Michigan, to participate in a Science Quiz. Sarnia, Ontario, has 
had a Science Quiz on the radio. 15 » 16 ) 



There are also s umm er camps which specialize in science. There are 
many in the United States. There has been one in Ontario, and two or three 
in Quebec. In the United States, such camps are easily financed,, at least in 
large part, by funds from the National Science Foundation. In Canada, the 
camps can obtain no such financial help, and they either struggle along on a 
hand-to-mouth basis, or they founder. 
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Another stimulus to science education in Canada comes from the 
competitive out -of “school examinations in mathematics, sponsored by the 
Canadian Mathematical Congress and by some Teachers' Associations, and in 
physics, sponsored by the Canadian Association of Physicists. 

Finally, I should mention the excellent publications that can be 
used not only as extracurricular material, but also as teaching aids. As 
usual, in English-speaking Canada, we have to use the publications from other 
countries, Britain and the United States. Our French-speaking compatriots 
are more fortunate: they have their own first-class science journal for 

high school students - Le Jeune Scientif ique . They have even reversed the 
usual pattern by having subscribers in France and Belgium. 

This is an appropriate point to mention that the Canadian Science 
Fairs Council is taking steps to fill the gap on the English-language side. 

We are nearing completion of a study to determine the financial feasibility 
of a Canadian Science publication for high school students, and, at the mo- 
ment, all the signs look favourable. We know that all of our member societies 
are behind us and will cooperate, and are certain that many of the most prom- 
inent and articulate scientists and teachers in Canada will contribute all 
the articles we need. We believe that we can create a Canadian journal we 
will all be proud of, and that it will become a powerful weapon in the 
struggle for excellence. 

The creation of the new journal is but one manifestation of the 
Council's desire to improve the ba3e it stands on. It may have been hasty 
in the first place for this country to have plunged into science fairs 
activity without having laid some groundwork. Now we are £oing what Arthur 
Koestler, the novelist, who is also a medical man, described in a lecture 
called "Biological and Mental Evolution" as " reculer pour mieux sauter" ; - 
which I think is translatable into idiomatic English as '"faking a few steps 
back so that we can get a better run at it." 

Not only are we going to try to publish this journal, but, with 
the blessings and cooperation of the organizations involved, we are also 
going to make some attempt to coordinate the other out-of -school activities, 
such as the mathematics examinations and the summer camps, so that all may 
work to mutual advantage. Not the least of our objectives is to try to 
see that the time of neither teachers nor students is unduly encroached upon. 
Also, we feel that some coordination may help in financing these activities. 



In line with these changes of policy, the Council is also changing 
its name: in future it will be known as the Youth Science Foundation 

Foundation Sciences-Jeunesse. 

I have just mentioned finances. At the moment, the Council itself 
is in good financial condition. But a year or so ago, our organization nearly 
died for want of funds. The Royal Canadian Institute Summer Science P rogramme 
is in financial trouble. Le Jeune Scientifique runs a considerable annual 
deficit. L'Association des Jeunes Scientif iques is short of funds, and so is 
Les Jeunes Naturalistes . These organizations have all been relying on donations 
from industry for their sustenance. 

But industry is letting them down. Clearly, industry in Canada 
doesn't know which side its bread is buttered or*. Its spokemen speak fine words 
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The newspapers have quoted a former president of the Canadian Manufacturers' 
Association as calling for intensified efforts by Canadian industry to help 
better the country's education position. 18 ' 



Let me also cite on George Hees, famous, I believe, as a profes- 
sional football player who rose to be president of the Montreal Stock 
Exchange, I am told he now has other aspirations. Mr. Hees said very 
recently 1 ^) that Canada must increase aid for scientific education and busi- 
nessmen must take a leading role in the move. Industry, he said, must con- 
sider its share of education costs "as one of their costs of production". 



These can be nothing but empty sounds when organizations of the 
kind I have described must go begging. Even when we have pointed out to 
some firms that they ought to give financial support as a matter of self- 
interest — that if they considered the economics of future supply and de- 
mand for technical personnel, they would see that an increased supply would 
keep salaries from rising -- they did not respond. 

Compare and contrast thase two situations: 

The Canadian Science Fairs Council, a national organization, 
requires 25,000-30,000 dollars a year in order to do its job. It has never 
raised more than 14,000 dollars through solicitation of the largest industries 
in Canada. 



In the United States, in one city alone, the city of Chicago, the 
local science fair awards $35,000 each year in scholarships. 20 ) The amount 
it spends on administration and organization must be another 10 to 15 
thousand dollars. All of this money is collected from industry only in the 
greater Chicago area. 

I don't suppose I need assemble and cite figures for other American 
cities and for the American national organization to drive my point home. 



Well, if industry in Canada is not wise enough to help, what about 
Government? The answer is that we live in a country hampered by its own 
constitution. In other countries governments can and do act to provide 
financial help for organizations that foster the spread of scientific excel- 
lence by out-of-school activities. In Canada, the Federal Government must 
keep away from anything that remotely concerns secondary education: the 

Provincial Governments will have nothing to do with a national organization. 



Again, the can give us fine words, like the Federal Minister who, 
on officiating at the opening of a regional science fair, praised the science 
fairs for what they are doing, mentioned the connection with Canada's need 
for scientists and tecliologists, and said that "Your Federal Government is 
very much aware ...." 



That same Federal Government, with no power to act in or near the 
vital field of secondary education -- that part of education where ambitions 
are formed and careers are determined -- does, on the other hand, find it 
constitutionally possible to give a grant of $18,000 to the National Ski 
team for travelling and living expenses abroad. 21 ) 
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I would like to plead somehow, somewhere, but I know not i,here, 
that surely, though some provinces may wish to teach history, or languages 
or religion differently from the others, at least in the field of science, 
which is the same for all, they should make it possible to work together. 

We need to do this not only to support out-of-school activities on a national 
scale, but also for such purposes as the re- training of science teachers. 

U alike the other sibjects I have mentioned, where the methods of teaching 
may vary, but the subject matter does not, the subject matter of science 
changes so rapidly that many of us who left school ten to twenty years ago 
are out-of-date several times over. By the introduction of large national 
re- training programmes we could achieve an economy of scale in their execution. 

As to the provinces, they will noc consider a cooperative programme 
of support for out-of -school science activities, although some of them do give 
support on a regional basis. 

But in general, the provinces, too, fail to match their dteds to 
their words. Recommendation No. 266 of the Parent Commission Report encourages 
support of scientific associations for young people; and specifies young 
naturalists, scientists, 4-H Clubs, etc. 

Yet when the Association des Jeunes Scientif iques (Association of 
Young Scientists) recently asked the Quebec Department of Education for 1,500 
dollars to meet their deficit, the only reply was an example of adroit buck- 
passing. The president of the association, obviously a hot-blooded and 
impetuous young n, reacted in a way I would often have liked to, but I would 
never get avay wita it. He called a press conference in which he told the 
reporters how the Department had refused to help, then he said some of the 
nastiest things he could think of. Among them he referred to one senior 
official by rame and said he was "a mere technocrat who can see no farther 
than the limr.ts of the wall-to-wall carpeting in his office". ) 

Considering his youth, that young man will surely be forgiven, but, 
as I said, .1 would never get away with this sort of thing. In fact, if you 
or I called a press conference, no reporters would even bother to come. 

Perhaps all this means that the scientists and teachers are wrong, 
and if both industry and government cannot or will not support us, we should 
stop wasting our energies in direc lions that lead only to frustration. We 
should say: a plague on all their houses! 

But we are committed people. We must act on what we know: our 

high school students of today will be adults very soon. Wh the* or not 
government and industry will help us, it is up to us to see that these 
students develop a will to the achievement of excellence, up to and beyond the 
limits of their capacities. 
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THE PRE-SERVICE EDUCATION OF THE SCIENCE TEACHER 

by 

Nicholas E. Baldwin, President, 

New Brunswick Teachers' Association Science Council 



In the past, we science teachers have been trained by completing 
courses in science deemed necessary as a background for the science we would 
teach in the secondary school. These were profitable courses indeed: and we, 
as potential teachers, studied them and mastered them. Having done so, we 
believed at that time we had learned once and forever, all the science needed 
to carry on our chosen profession of teaching. We followed the required 
courses in pedagogy, after or before taking the science courses. .. .did our 
practice teaching. .. .and received permanent certification as teachers in tne 
secondary schools. We did not feel any necessity for further study of science. 

Suddenly, we discovered that our teaching in the traditional 
sciences did not provide us with the knowledge necessary for teaching a 
"contemporary program of science instruction". Universities across the coun- 
try, during their summer sessions, came to our aid with re- training courses 
in the newer aspects of the branches of chemistry, physics and biology. These 
courses are gaining popularity. .. .and, they are being mastered by teachers to 
enable them to teach the new programs proposed for the secondary school. I 
understand, however, most of these new programs are presented by the universi- 
ties in the same old way, as something to be learned, and the teacher is again 
supposed to know all that is necessary to teach the science courses of the 
future. This, as past experience has taught us, cannot be the case. 

In this day and age, much is being said about improving the qualifi- 
cations of science teachers. In the province I represent. New Brunswick, 
more emphasis, at the graduate level, is placed on the B. Ed. and M. Ed. prog- 
rams than on program, in the teaching of science subjects. I personally feel 
that these programs ;re ideal for future administrators, but are not meeting 
the needs of scie.-- :e teachers. Evidently, it is assumed that the full re- 
quirements to teach science in the academic high school is a B.A. or a B. Sc. 
with a major in the branch of science to be taught. 

In the U.S.A. during the last decade, comments about science 
teachers with this type of educational background prompted this statement: 
"These qualifications are a good indication that the prospective teacher knows 
a great deal about science, but is no guarantee that he knows what science is 
about." This statement was confirmed as fact by Frances Behnke in a survey 
conducted in 1961, "Reactions of Scienctists and Science Teachers ^to State- 
ments Bearing on Certain Aspects of Science and Science Teaching. 

Professor Howard Fehr Mathematics Department Chairman of Teachers' 
College, Columbia University, suggested an alternative method, in an address 
at the Intematior. -j. Working Session ca "New Methods in the Teaching of Math- 
ematics" held in Athens, Greece, on November 17 to 23, 1963. His comments on 
the training and re- training of teachers of mathematics could very well apply 
to the training and re- training of teachers of science. Professor Fetu sug 
gested that "we must now educate our teachers in how to educate themselves, 
how t® continue to study and learn more and more newly emerging mathematics 
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and mathematical concepts. This means the teacher is always to think and act 
as a student who is aiming to be a little of a researcher all of his profes- 
sional career. This training should certainly be established in the last years 
of university study, and should become the primary goal in the pedagogical 
training the teacher undergoes before and during his apprenticeship. The study 
of mathematics never ends and new mathematics creations go on and on forever ! M 

He also suggested in his address that if this type of education were 
successful, there would be great need for a new kind of textbook. .. .one of 
self-study by teachers in service, that these books should appear from time to 
time, that they should always contain something new, or at least, an entirely 
new approach to something already known. 

Evidently, more science and mathematics educators in the U.S.A felt 
that the answer to better teaching of science could be found in research, 
because in research lies the best opportunity for the person who knows about 
science to learn what science is about. The National Science Foundation 
supported two programs. First: A teacher- centered program in which selected 

teachers were placed in the laboratory beside the research scientist proved 
not successful, because teachers tended to return to the same pattern of 
teaching after the re- training was completed; and second: A school- centered 

research experience for science teachers, ur^er the direction of Cornell 
University, has been described in "The Science Teacher", Vol. 30, No. 5, 
September, 1963, by Mathew H. Bruce, Jr., and Philip G. Johnson, Science 
Education Division, Cornell University, Ithaca, New York. • 

/ 

In this second program, selected high school science teacher^ 
carried on scientific research in their school situations, involving science- 
oriented students as laboratory assistants, working underthe guidance of a 
research scientist. Some of the conclusions are as follows: (1) "Valid re- 

search can be carried on at the teacher's level in the high school situation, 
although care in the matching of teacher and scientist and in the selection 
of a problem is a vital factor here; (2) Responses from all three participa- 
ting groups indicate in a subjective fashion that both teachers and students 
increased in their understanding of science as a process of inquiry as a 
result of their participation. Furthermore, the results of the evaluation 
suggest that the effect of the presence of the program in a given school upon 
non- participating students is a discernibly positive one." 

It would be very short-sighted to think of pre- service education in 
the teaching of science as totally a post- high school program. Novice 
teachers, in general, will use techniques and skills acquired from their 
former teachers. We teachers of science must realize that habits, attitudes 
and ideals formed during the high school years are lasting ones. This is 
the time to foster an eagerness to learn, and to keep on learning, to encour- 
age a willingness to change one's work habits, and to develop a sense of 
responsibility. 

Could it not be that some of our high school students, who possess 
the creativity necessary to be future teachers of science, do not become 
teachers because they are aware of the restraints in our curriculum? As our 
students, they know we are told what to teach and when to teach it. These 
young people, endowed with the enviable qualities teachers of science of the 
future should possess, do not want to he straight- jacketed by curriculum and 
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supervisory restrictions. Individuals of this calibre have self-direction, 
want the "most for their money" so called, have a good sense of values, and, 
above all, want their chosen career to be a professional challenge rather than 
an accumulation of knowledge. Thus, the re-training of the teacher of science 
not only affects the teacher, but even more directly, concerns the science stu- 
dent, whose development in our field of work is the reason we became teachers. 

We teachers are being challenged by change. We must accept, as our 
responsibility and duty, the task of finding out the nature of this change and 
how we are to respond to it. I suggest that the training and re-training of 
science teachers should become the prime concern of a National Science Associa- 
tion of professors of science education, scientists and secondary school 
teachers, who are concerned with keeping themselves informed by continuous 
study through available literature of an appropriate kind. Through the media 
of conventions and publications, geared for the high school teacher, profes- 
sionalism would be developed at all levels. .. .through the affiliates as well 
as through the national association. 

Ity remarks contain no steadfast recipe for "Pre-Service Education". 
This should not be surprising because I have had no formal pre- service training, 
if that is what is meant by "Pre-Service Education". But what I particularly 
do like is the philosophy of student and teacher working and thinking together. 

I sometimes learn from my students. I hope they often learn from me. 

From ray remarks we could probably find a basis for discussion, and 
possible answers to these questions: 

(1) Could it not be that training in a more creative approach 
to teaching, in the fields of science and mathematics, would 
attract more capable young graduates? 

(2) If the science teacher of the future were involved in the 
creative activities of research during his high school career, 
would he not be better prepared to meet the challenges of change? 

(3) With the creative approach to teaching, would our science 
students not be better prepared to make an intelligent choice 

in one of the scientific careers which could include the teaching 

of science? 




remarks on the preservice education of science teachers 



by 

Marshall A. Nay 
Faculty of Education 
University of Alberta 
Edmonton 



It seems to me that a member of this panel should first take a 
critical look at the current practices in the preservice education of science 
teachers in Canada, and then propose some guide lines or models lor ..-proving 
upon these practices. This is what I intend to do. As might be — » 

most of my criticism will be directed, not at teacher educators, b-c at those 
science teachers and instructors of science who participate in the te«*^uei. 
education program. Since some of my remarks might be harsh, let me say in 
advance that I share the total brunt of my own criticism, for I speak as a 
science teacher and a university science instructor as well as a professor 
of education. 

The prevailing curricula for teacher education in most Canadian 
institutions fit into the following pattern: 



Courses 
in the 
subject 
major: 

e.g. , physics 

chemistry, 

etc. 



General 

courses: 

e.g., 

English, 

philosophy, 

history, 

etc. 



Professional 




Student 


courses: 




teaching 


e.g., curric- 




practicum. 


ulum and 
instruction 
("methods") , 
ed. psych., 
ed. phil., 
etc. 




internship 



Programing and administrative control is generally in the hands 
of the Faculty or College of Education. However, the courses, apart from the 
professional ones, are taught in other faculties or departments, while 
selected teachers in the field participate in the practical phase of the 
teacher-training program. Both the curriculum itself and the quality of 
training it; provides, have been the object of scathing criticism, the most 
recent and thbrOugi being that of Koerner and Conan t. Tne bulk of the 
criticism has been directed at the professions- (i.e., "education ) courses 
with the so-called 'Hnethods" courses receiving heavy share. I need not 
repeat here the choice words of derision and ridicule used, and I am sure 
many of you have some pet ones of your own. I do not deny the low quality 
and perhaps worthlessness of many of the education courses (past and present) , 
nor the need for a drastic revision of teacher education practices. I am 
bothered, however, that those science teachers and professors of science who 
participate in the training of teachers have managed even to this very day to 
escape from their fair share of criticism. I believe it is high time that 
some of those who have been critics of ^ the Faculties and Colleges of Education 
become targets of criticism themselves! 
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First, let us examine the science courses taken by those of you 
who are now science teachers, during your years of professional training. 

Were these courses always up-to-date, and geared for the kind of science 
you would have to teach in your own classroom? And how were these courses 
taught? How many of you were taught physics, chemistry, botany, etc. in 
the manner now being advocated for CHEM Study, BSCS biology, PSSC junior 
high physical science, AAAS elementary science and so forth? And was your 
laboratory work inquiry-oriented and correlated adequately with the lecture 
theory? Yet it is these preparative courses which are valued so highly 
when science teachers are surveyed. However, in my opinion the science 
courses which you took at the university or college generally provided a 
poor background, both in content and methodology, for the kind of science 
you are now expected to teach. I might add that the current situation 
in these science courses is not much better than when you attended, and 
that it spills over into most in-service courses in science. 

The lack of an investigative spirit in the content and laboratory 
work in university science courses has left an indelible imprint on the 
science teacher’s philosophy and method of teaching. It is said that teach- 
ers tend to teach as they were taught. If this is true, then it is not 
surprising that in a recent survey conducted by one of my graduate students 
it was found high school chemistry teachers believed verification of 
scientific principles to be a most important purpose of laboratory work, 
and deemed the ” lecture-demonstration- laboratory” and "lecture-demonstration" 
combinations to be the most effective for teaching science. Undoubtedly, 
this attitude is one reason for the considerable opposition to inquiry and 
laboratory-oriented science teaching. Truly then, here is a major problem 
of re-orientation and re-education to be coped with in in-service or con- 
tinuing professional education programs. 

It is possible to push this criticism of university and college 
science further, but let us turn our attention to the teachers who 
participate in the pre-service education program. Now, let me back up one 
step. Let me ask the question: How many science teachers are anxious to 

participate? Many do come forth, but where teachers can "opt out" (as they 
can in Alberta), the participation of many of the best teachers is lost. 

This poses a serious problem in my work. I want my student- teachers to 
gain max imum benefit from their practical experiences in the classroom. 

Here at this conference we have heard much about the new science programs. 
Yet, I can find very few science teachers where my students can see science 
taught in a spirit of inquiry. I ciu mindful of the difficulties facing 
the already overburdened cooperating teacher or teaching associate, and 
recognize that the Faculties or Colleges of Education are not rectifying 
the situation with the desired speed. However, if teachers teach as the y 
observe others teach, then the practicum or student teaching may be actually 
harming many of my students. 

My major point, then, is that all parties concerned with the 
teacher educative process have failed to some degree. This sad state of 
affairs is overshadowed only by its consequences for the consumers of our 
science teaching -— the children whom we teach. 
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Obviously, a massive overhaul of the pre-service education cur- 
riculum and practices is calxed for. Time does not permit me to develop a 
comprehensive model but here are some guide lines which I deem highly import 
ant and which should be of concern to this conference: 

1. The preparation of teachers for all grade levels must take 
place in the intellectual atmosphere 6f a univeristy. 

2. It must be a joint responsibility of university personnel 
and associated members of the teaching profession. 

3. The features of the curriculum outlined above should remain, 
but the nature, proportions, quality and sequence of the 
"mix” should be continually revised, tested and evaluated. 

I might add, parenthetically, that evidence is accumulating 
against an increased emphasis on subject matter competence. 

4. The dichotomies between theory and practice, and between pre- 
cept and concept must diminish continually, for in both in- 
stances the one can thrive and flourish only upon the other. 
This dictum should be the guide line for all who participate: 
the associated science teacher, the professor of science, 
and the professor of education. 



These and other guide lines point to a pre-service education for 
our future science teachers which will be the most fruitful meld of the best 
of the following ingredients: The structure of the sciences (i.e., their 

content and mode of inquiry) , the nature of the learner and the learning 
process, the theory and practice of science teaching, and the grand vision 
of the schools of the 70* s or 80' s, or even of the twenty-first century.. 

The participants at this conference and the organizations which they re- 
present must help catalyze and achieve this desired goal. 



0 



the education of the science teacher 



by 

D. R. Wiles 

Department of Chemistry 
Carleton University 



If education is a problem of major concern today, and few would 
dispute this suggestion, then education of educators is proportionately 
more important. This process of educating the educators, while a pressing 
problem, is one which is subject to a great many demands which seems to be 
self-contradictory. We need far more teachers, but they must be better 
trained. The teachers need advanced training, but must not be specialists. 
The teachers must keep abreast of their subjects, but must not spend any 
time doing so. And so on. The result of this is that educational autho- 
rities disagree widely as to what constitutes proper teacher training. 

Many feel, and I am among them, that extensive teacher-training courses 
should be abolished. In fact, the main reason that I am not today a high 
School teacher is that I took a teacher training course. 

It would be presumptuous of me to try to solve such a complex and 
far-reaching problem in a few minutes. Thus, I shall speak somewhat more 
generally about education, in the hope that in he end my remarks will have 
illuminated at least part of the problem at hand. 

It seems useful to start by describing what are, in my view, the 
important objectives of high School teaching in a particular subject. Once 
again it is absurd to attempt this briefly, but I hope that my brevity will 
not be interpreted as narrowness, and that my failure to expound on a topic 
will not be conStrtied as disregard of its importance. I feel that the main 
objectives in the teaching of any individual subject are the following, which 
are approximately in order of decreasing importance when considered for the 

Sciences: 

1. To engender in the student a lasting interest in and respect 
for the subject as a field of human endeavour. 

2. To arouse in some students a greater interest, which impells 
them to pursue advanced study in this field. 

3. To impart some knowledge and skills which are of themselves 
useful. 

Unfortunately, the ease with which these goals may be achieved is 
in the reverse order, and it is because of this fact that the teacher as a 
live human being must never be replaced by the teaching machine. One can 
easily master, and transfer to the students' notebooks, and in turn to their 
examination papers, the specified facts, and even the approved principles. 
Indeed, one is tempted to suspect that the syllabus in many a subject is 
created with exactly this in mind. But who is really seriously concerne 
with memorizing the Frasch process, the formula for superphosphate of lime, 
or the electrochemical series? 
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To excite students about a subject requires being excited oneself. 
It requires a fascination not only with the facts but with the ordering and 
interpreting of facts, and indeed with the very impossibility of clearly and 
simply explaining all the facts. It requires the considerable depth of study 
which enables one to perceive apparently anomalous phenomena and wish to 
understand them; that for example, the chemical process which leads to the 
production of the Canadian five cent piece apparently violates the electro- 
chemical series, but doesn't really because some other principles apply. 

It is clear that the proper teaching of a subject requires much 
more than superficial familiarity with a few textbooks. It requires the 
teacher to be thoroughly educated in his subject, and to maintain touch with 
developments occurring every day. Above all, his interest must remain alive. 
That the present qualifications of teachers in the Sciences are often far be- 
low a satisfactory level is revealed by various recent studies. Current 
studies by the Chemical Institute of Canada are showing that a substantial 
fraction of the Chemistry teachers in each of the Canadian provinces nave had 
little or ro formal training in Chemistry at university. 

The first and most important objective is even more difficult to 
impart, and requires not only a knowledge of the subject at hand but also a 
considerable knowledge of other related subjects and the history of their 
development, and a perspective over the place of one's own subject in the 
development of modern society. This is, of course, an impossibly large 
order, and one cannot expect that many high school teachers, or university 
professors for that matter, will meet this requirement. However, the student 
must never be left with any doubts as to whether this subject is worth the 
trouble to study.it. If the student asks seriously "Why would anyone bother 
to study Chemistry?* then the teacher has failed. This failure doesn't 
receive much attention, because it is so difficult to measure and even to 
define. 



There is one other goal which could well be inserted here, which 
is not related so much to Science teaching as to teaching on a whole. That 
is, that a respect should be created for the teaching profession. It is 
depressing to reflect on how few students come to university to become 
science teachers. Many have burning desires to become doctors, dentists, 
engineers, and so on, but teachers -- no. This is in spite of the fact 
that most students have much respect for many of their teachers as individ- 
uals. This, 1 feel, cannot be construed as a criticism of teachers, but of 
the situation which surrounds teachers, which forms a large part of the 
impression given to the students. This is one more endless loop in our ever 
growing Gordian Knot. 

Before I describe the kind of education I should like the science 
teachers to have, I wish to mention one prime requirement without which no 
Science teacher can be successful. The teacher, the teacher of any subject, 
but particularly the teacher of Science subjects must be truly articulate in 
the English language (or the French language). His speaking and writing 
roust be crystal clear, with good grammar and a good vocabulary. English 
composition need not be a subject in high school -- it ought to be exem- 
plified everywhere, and watched carefully by all teachers. This is partic- 
ularly important, I feel, in the Sciences. Elegant style is, of course. 
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unimportant, but correctness and conciseness are essential 

The details of any education program are, of course, subject to a 
great deal of argument, on both academic and practical grounds. Thus, it 
makes no sense for me to attempt to prescribe a course of study, or even 
suggest minimum requirements. I shall, however, venture to make some rather 
general recommendations: 

Firstly, the prospective teacher of any Science subject must have 
good grounding in his field, Inescapably, this means several courses at 
university, with good standing. It is not necessary, in my view, to have an 
advanced degree in the subject, npr even an honours degree, since this type 
of degree usually produces far too specialized a graduate, whose interests 
are seldom appropriate for high school teaching. We must, after all, rec- 
ognize that the high school teacher is a professional teacher not a pro- 
fessional scientist. He must, on the other hand, have obtained good training 
both in his main subject and in all ancillary and related subjects. 

Secondly, the teacher must be encouraged — indeed expected — to 
keep up a lively interest in his subject. This is, of course, very easy to 
say, but very difficult to carry out, since it involves giving the teacher 
much more free time than is at present possible, and it means resisting all 
encroachments on this time from extra-curricular activities and administra- 
tive chores. The teacher must have time to read such things as the Scientif- 
ic American — his beat pupils do. He must have time to read in the tech- 
nical literature far beyond his schoolwork. He must have time to go to 
scientific meetings* Some people urge that teachers be required to take full- 
year leave occasionally, to go back to university. And, most important of 
all, he must be given tangible recognition of these efforts. He should re- 
ceive as much credit for updating courses, professional development courses, 
summer laboratory jobs, as for courses leading to graduate degrees. An 
important result of this requirement is that the high school teacher must 
never be asked to teach a subject other than that of his main interest. Thus 
the Chemistry teacher who also teaches Biology and Algebra ought to be a 
thing of the past. 

Thirdly, the syllabus must be relieved of pressure, so as to allow 
the teacher time to show his interest in his subject. The teacher who has 
a pet interest in some special branch of his subject must, at present, sup- 
press his interest, and get on with the syllabus. After all, the exam will 
only cover the syllabus. This one aspect of present-day education, if no 
other, will act to snuff out the interest that the teacher may once have had 
in his subject. If luck is on his side, his interest will die slowly. If, 
on the other hand, the teacher is allowed to indulge his fancy, then at least 
that part of the course, and probably much more, will be taught with all the 
enthusiasm the teacher has, to the benefit of all. 

I have carefully avoided discussion of "Teacher Training" courses, 
partly because I am in the presence of others much more qualified to comment 
than I, and partly because I suspect that my own opinions may be tinged with 
a measure of bias. I do wish, however, to express my fear that the results 
of this training are not always the production of a better teacher. I feel 
that the best way to bring out the best in a potential teacher is to subject 
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him to an apprenticeship under an excellent, experienced teacher. 

One might continue for quite a long time discussing the ills of 
the system. I think however, that the few points which I have expressed 
ar <2 by far the most important. I know that many counter arguments can be 
raised, especially those pointing out practical difficulties. Perhaps the 
most urgent practical problem is that of money — not for teachers' salaries 
but for providing more, many more, teachers and also for facilities such as 
school laboratories. Here I am talking of many millions of dollars, which 
is of course a formidable obstacle for any plan to encounter. I am sure, 
however, that you, perhaps more than 1, recognize the seriousness of the sit 
uation, and agree that the time is near when we must take drastic and 
courageous steps to save our education. 



* 



THE INSERVICE EDUCATION UF THE SCIENCE TEACHER 



by 

R. A. Piercy, President 

British Columbis Science Teachers' Association 

of the BCTF 

(Note: This is a summary of the talk given by Mr. Piercy) 



What need is there for inservice education ? 

There is no doubt as to the need, because of the rapid series of 
change? that take place in science courses in schools (e.g. Chem Study, 
P,S,S,C«, etc.), and because of the rate of increase in knowledge and 
the development of new approaches to old topics. 

Who is responsible for the re-training of teachers? 

Is inservice training primarily the responsibility of the teacher, 
the teachers' specialist association or provincial organization, the 
school board, the provincial department of education, the universities 
or colleges of education, industry, ar (either as an alternative or in 
addition to any of these) the federal government? 

All of these should be concerned with the problem, as they are 
all affected in one way or another. However, it is the special respon- 
sibility of the school board and of the provincial gaver».»t to see 
that children are educated properly. These two bodies have responsibility 
to the cesnssnity, and are the employers of the teachers. 

There are parallels in industry. For example, the community 
expects the telephone company to have properly trained personnel, and 
the telephone company accordingly arranges it» own inservice program 
during working hours, for technicians, computer operators, engineers 
and so on. (In B.C., these programs cost the company more than $100,000 
a year, without taking account of wages paid to those undergoing training,) 

What do school boards do ? 

Very seldom do they set up inservice programs within their area. 

In British Columbia, the only board-sponsored courses which come to mind 
are some evening courses operated by the Vancouver School Board in Chem 
Study and P.S.S.C. Physics. Boards may often allow time off if a teacher 
wants to attend a conference organized by some other agency — but the 
number of days allowed is often limited to two per year. In the matter 
of initiating, organizing and financing inservice courses, neither the 
school boards nor the department of education are noticeably active. 

One of the things that school boards and departments of education 
are doing towards encouraging inservice training is giving entitlement 
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to higher salaries to those who obtain more degrees. Too often, however, 
the courses which lead to higher degrees are not really of much use to 
the teacher in the classroom in regard to the new courses which are being 
introduced into the school curriculum. 

What are the teachers* organizations doing ? 

This depends on the enthusiasm and direction of the organization. 

In B.C., the Science I?achers' Association helps to provide speakers for 
conventions, workshops, etc., and advises the provincial organization as 
to the need for inservice training. The provincial organization subsi- 
dizes workshops, and sets up two-week summer inservice courses wherever 
there is a need. This summer there will be six or eight of these summer 
programs operating in various parts of British Columbia. 

The provincial organization also advises the university as to the 
need foi. longer and more specialized courses -- for example, five-week 
courses in Chem Study, up-dating courses for science teachers, etc. 

Perhaps the main function of the teachers' associations is to 
see that courses are made available by some appropriate agency whenever 
there is a need. 

What is expected of the teacher ? 

I think that the teacher should be expected to keep himself up 
to date in his own field, and to attend, in his own time, whatever courses 
are necessary for this purpose. Absences from teaching for attendance 
at short (1 or 2 day) sessions are not objectionable, but generally the 
nature of the job of teaching requires :he continuity of one person's 
presence, with as few interruptions as possible. However, one has to 
be realistic in one's approach to this problem, and the teacher needs 
some inducement -- the proverbial carrot -- which cculd be one of the 
following: 

a) Expenses (books and tuition) paid for by the school board; 

b) Entitlement, on completion of the course, to a higher 
qualification rating and therefore a higher salary; 

c) Time off from school to attend courses. 

The policy of awarding permanent higher qualifications or certi- 
ficates on completion of three or four courses (often university summer 
courses) needs to be very carefully examined. Years after the useful- 
ness of these courses has been lost through obsolescence, the certifi- 
cates awarded will still be costing education authorities in the form 
of extra pay. 

I think that teachers who are willing to take five-week summer 
courses should have their zeal, and their higher academic qualification, 
recognized by being placed on a higher salary scale, but that the fol- 
lowing conditions should be attached to increases in salary: 
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a) The courses should be related to subjects which the teacher 
teaches; 

b) Salary increases should be limited to five years from the 
time of completing the course, and should then lapse if the 
teacher has not taken a new course. 

By this means, the teacher would be rewarded for making an effort 
to keep up to date, and at the same time would not be paid on the basis 
of a course which he took twenty years previously. Such a plan would 
give teachers a strong inducement to keep up to date. 

In conclusion, I would like to repeat that the school boards are 
not doing their share in seeing that their teachers are kept up to date, 
and that the reward system for teachers who take extra tr lining needs to 
be revised so that a teacher is adequately rewarded to all his efforts 
and always has before him an inducement to further improvement. 




THE IN-SERVICE EDUCATION OF THE SCIENCE TEACHER 



by 

Robert C. Stone, 
Chairman, Scarborough Board 
of Education 



Before I begin this short talk, may I say how privileged I feel to 
have some part in this important Conference. I believe that I was propelled 
into this job due to the machinations of one of our top history specialists, 
Mr. James Lovekin, a Historian I am afraid who has taken a leaf out of 
Beatrice and Sidney Webb's tactics of infiltration. But then, just where is 
the dividing line between the student of history and the student of political 
science? 



During the course of this Conference we have heard a great deal 
about change in curricula and its implications for teachers in the classroom. 
These changes represent an opportunity which all of us who are engaged in 
education ought to recognize as an opportunity to grow in effectiveness. Too 
often, the swiftness of technological change harnessed to state- induced econ- 
omic growth, may at times lead tc» a feeling of despair that public education, 
notoriously a follower rather th*n a leader in accepting new concepts, may 
never catch up. But catch up we must! 

Certainly the opportunity appears to be there because of the 
general acceptance by the profession and media of communication which commun- 
icates between the profession and the public, that in so far as science, 
technical and vocational education is concerned, continuous updating is re- 
quired and expected of us. Without it, accelerating educational expenditures 
are meaningless. 

What is not so generally recognized however, or if it is, it is 
only in vague terms, is that teaching staff must also be continuously updated 
and indeed, upgraded, in order to cope with a situation which got out of hand 
a long time ago. 

Let me tell you how my Board is attempting to cope with the problem. 
First a little about ourselves: Scarborough has the third largest student 

enrollment in Ontario and the 7th largest in Canada. The Secondary School 
System is expanding at the rate of two, twelve hundred student schools per 
annum. This year*s capital programme is equivalent to l/5th of the entire 
1966 school building estimates for the Province of Ontario. We are rich in 
children and poor in real estate assessment. You may imagine the pace at 
which decision-making and events spurs us forward. Just to acquire the 
teachers for new classroom, plus replacements is a major operation in itself. 
On top of this impose Ontario* s revised Secondary School programme and an 
apparently limitless flow of memoranda to School Boards gushing forth from a 
hitherto somnolent Ministry of Education, and the stage was set for useful 
evolution. 
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In Scarborough we have made a beginning due primarily to the estab- 
lishment of a means of discussion and consultation between teachers and the 
Board outside of the annual mutual irritation conference, teachers' salary 
negotiations. We established a Teacher Board Liaison Committee. This is not 
the place to expand on this useful device other than to enlarge on part of 
the outcome of rather infrequent meetings to date. 

Our teachers, recognizing the alterations in mathematics, physics 
and chemistry curricula, development of data processing and the need to keep 
vocational teachers abreast of industry, requested the Board to provide funds 
so that teachers could attend useful courses and lectures in mid-term in 
specific subject areas. 

The Board accepted this recommendation unanimously and allocated 
$10,000 in 1965 to encourage secondary school teachers to keep up-to-date 
with particular subject areas. The ease with which this recommendation was 
accepted by the Board was due. I think, to two reasons. First of all, the 
Board had long since established in-service training in the Public School 
System because of heavy turnover in teaching staff among Public School 
teachers and an exceedingly low level of experience. It wasn't a very large 
step at all to extend a variation of this .ogramme to the Secondary School 
staff. But aside from the proven utility of past experience, there was the 
example of industry. Just the other day, I was listening to Mr. McCormack, 
President of Dominion Stores, speaking to the Toronto Society of Financial 
Analysts on the prospects for this particular company. During the course of 
his address, he said that each year a group of key people in his company are 
directed to University Management Courses. In the past year, more than 100 
have attended various courses, seminars and conferences, to broaden their 
knowledge. Practically. all that particular company's store managers and 
supervisors have attended Management Workshops during the past year. Fifteen 
of his people are working towards degrees in accountancy with financial 
assistance from the company, and 600 of his personnel are enrolled in corres- 
pondence courses in marketing. 

Surely it is easier for School Boards to implement up-dating prog- 
rammes which parallel similar activities in industry and commerce. The 
problem of who should avail themselves of such courses is enormously simpli- 
fied. 



As to the allocation of this initial $10,000 the Board did make one 
stipulation: the courses were to be used for up-dating as distinct from 

up- grading. Expenditures were made after discussion and consultation between 
the various subject Chairmen and the Board's executive staff on specific prog- 
rammes available. 

Many requests were made to take courses and to invite outstanding 
lecturers to address groups. When these speakers visited Scarborough, gradu- 
ating students and in some cases, outstanding students in various grades were 
invited to attend the lectures. Teachers in science and mathematics were 
most active in participating in this plan. 
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In the mathematics field, a special course was organized for commer- 
cial and maths teachers who were interested in data processing, a course which 
is under continuous development in Scarborough. Thirteen teachers attended a 
special Series given by Scarborough College, a satellite college of the 
University of Toronto, at a cost of $105 per teacher. The fee was paid by the 
Board. In addition, an Enrichment Course was given for gifted students in 
mathematics in which the majority of our maths specialists attended or partici- 
pated. This was a 12-week Lecture Series which covered the following subjects: 
Logic, Diophantlne Equations, Sequences and Series, Limits, Mathematical Induc- 
tion, Perametric Equations, Pola." Coordinance, Complex Numbers, Vectors, 
Probability, Elementary Statistics and Elementary Topology. 

A nu m ber of science teachers were sent on a Refresher Course dealing 
with the proposed new Grade XIII Physics Course. All fees were paid by the 
Board of Education. Another 15 teachers attended a special course for Chemis- 
try sponsored by the University of Toronto. The fee was $75 per teacher and 
was paid by the Scarborough Board. 

As you can see, the stress in this programme was on science and 
mathematics, but in fact all departments have participated in the programme. 
The scarcity of trained guidance teachers for example, prompted our Secondary 
School Superintendents to select potential Guidance teachers to attend Elemen- 
tary Guidance courses. Again the Board paid the fees. Through these courses, 
such teachers may proceed towards a Certificate which will change their salary 
category. However, the urgency and the need for trained Guidance personnel 
made it essential for us to take action to train the necessary teachers (and 
who benefits the most, teacher or public, was left for philosophical debate). 
In the opinion of our Senior Assistant Superintendent of Secondary Schools, 
Borde Allison, a programme ought to be developed in order that teachers may 
attend course for one, two or three months during June, July and August, paid 
by the Scarborough Board. In conjunction with Scarborough College, a most 
cooperative institution, it would seem that there are no insurmountable bar- 
riers to doing just that at an early date. During the month of June, teachers 
from Teachers* College are likely to be available for supply teaching. There 
seems to be little doubt that more stress must be placed on the training of 
Vocational teachers in order that curriculum and practical industrial applica- 
tions in industry and technology may keep abreast. 

In my opinion, most urban trustees are highly sympathetic to the 
type of programme which Scarborough is developing for its Secondary School 
teachers. It would seem likely that the improvement in teaching quality and 
morale is out of proportion to the funds involved. 

There are several implications to these remarks which should perhaps 
be clarified. 

First of all, nothing that has been said is contradictory to the 
stated prime objective of formal education -- the development of the student's 
skill in the thinking process. No one in this room is so utilitarian to ?rgue 
that all education ought to be geared to our market economy! But Spherical 
Trigonometry, differential Calculus, Astro-Physics and the D.N.D. molecule are 
tuned to our age. Updating, or if you prefer, continuous teacher training, 
education and research opportunities are the logical parallels to changing 
curricula in a dynamic society, 
o 
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Secondly, there is no doubt that a teacher who has been lifted out 
of his paradoxically lonely environment, be it for only brief periods of time, 
to explore new or changing concepts, will return to the classroom with a 
deeper intellectual grasp of his subject and a renewed awareness of the vital 
part he plays in society. There is correlation between ability to communicate 
knowledge and thorough grasp of that knowledge by the teacher. 

Thirdly, let us talk about money. School Bords with rare exceptions, 
are disciplined financially by that ridiculously inelastic source of taxation, 
real estate. In recent years, financial support from Federal and Provincial 
Governments for education has accelerated, but not nearly as much as the real 
estate tax. As usual, it is the local School Board which comprehends the needs 
most and is least equipped to meet them. 

On the other hand, one might have some reservations about a nation- 
ally financed teacher training or updating programme. If that happened, some 
fool might devise a formula of such and such a percentage grant for approved 
courses, and a civil servant operating within the usual inflexible approach 
for which his political masters must share responsibility, would require a list 
of approved courses. Pressure would then be exerted to make the courses con- 
form to a more or less rigid pattern, and deletions or additions to the 
approved list might take several years of negotiation and a ton of useless cor- 
respondence. There is no time for such nonsense. 

Obviously, the most efficient method is the direct allocation of a 
portion of personal, corporate sales and other federal and provincial revenues 
to local education for all purposes, rather than specific programmes. In the 
parable of the talents, you may recall that funds were advanced on a carte 
blancne discretionary basis and subsequently the three servants or money mana- 
gers were called to account for their trusteeship. 

By all means, let us call the local authority to account, regularly 
and frequently, but not necessarily within the narrow terms of reference of 
those strongholds of inertia, ponderous Cronwellian levelling governments, or 
uninformative Marley-like auditors* reports. 

How about the development of yardsticks to measure the local 
authorities' effectiveness in serving local educational requirement? 

Alas, the urge to conform seems to outweigh the necessity of reform. 

I say, go back to your Boards; if they haven't got something like 
the Scarborough teachers have going for them, wori for it. You may be sur- 
prised by the response cf your Trustees, for once the need has been demonstra- 
ted, Trustees will tax for it. 



